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Art. XVI.—On Terrestrial Magnetism, as a mode of Motion; by 
Puiny Cuase, M.A., 8.P.A.S.’ 


In a note toa former communication, I expressed my belief 
that the British Astronomer Royal would find in the mechanical 
action of the sun’s rays, the precise “ occasional currents”’ for 
which he was seeking, as the probable cause of magnetic storms. 
Mr. Airy has recently sent me a copy of his very interesting 
paper (Zrans, Roy. Soc., 1863, Art. XXIX), and its perusal has 
greatly strengthened this belief. 

All of my meteorological views rest upon the hypothesis, that 
the atmospheric changes, whether of humidity, temperature, 
pressure, electricity, or magnetism, are purely mechanical ; and 
that, being controlled by the laws of motions, their proper ex- 
planation does not require the assumption of any peculiar mag- 
netic or electric fluid, but that a single homogeneous, elastic, and 
all-pervading ether may be both the source and the receptacle 
of all the various forms of force. In its principal features, this 
theory harmonizes with the now generally accepted belief in the 
mechanical origin of light and heat, but in its details it involves 
some new and interesting special applications, which I have en- 
deavored partially to develop. 

It will be readily seen, by a reference to my communication 
of April 15 (Proc. A. P. 8., ix, 367, et seq.), that the mechan- 
ical action of the currents to whose electric action Ampére 
ascribed the origin of terrestrial magnetism, produces two oppo- 
site spirals in the air and zther,—the lower moving from the 

? From the Proceedings of the American Philosophical Society, Oct. 21, 1864, 
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poles to the equator, and against the earth’s rotation; the upper 
from the equator to the poles, a 1 in the same direction as the 
earth’s rotation: the two being connected by innumerable cur- 
rents of convection, or threads of ascending and descending 
particles. It will also be evident that at every place there are 
two principal sets of such double spirals, one with an axis per- 
pendicular to the earth’s radius vector, producing a maximum 


disturbance in the early afternoon, and the other more stable and 
uniform, with : passing through the nearest poles of great- 


est cold. to t tual pert tions of these two 
principal pola rents, the 1 of the luni-tidal attrae- 
tion-wave prod \ or iess aerange- 
ment,’ and I { that the ratio of t tric to 

lunar-magnet sturbance, (4°384), is near entical 

Welsh’s detert ft ent of magnetic inertia (44696 ; 
Phil. Trans., ¢ 297). Fr a variety of considerations, it 
appears that tl polarity or magnetic force tlius en- 
gendered is a third p1 ynal to two other forces, which may 
be called, respectiy tangent 


has even be ] t petwe barometric ang magnetic 
fluctuations, ved that A: B B: M, a proportion in which 
A represents a Bat ent ind M a maenetie force, 
I find a proport 1 each of Mr. Airy’s sum- 
mary tables (( t.. p. 627 1 his “Table T, 
Algebraic Sums of M  ] at (in terms of Hori- 
zontal force) for « Y¢ from 1841 to 1857, ineluding all 
Days of Record Great Magnetical disturbance,” the Mean 
Disturbance is 
Westerly N N fo 
Here the proport rs ( ( M cives for Ma 
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“Table III. Alo ic Sums of M etic Fluctuations (in 
terms of H tal Force) for each Year, from 1841 to 1857, 
including only those Days Great Magnetic Disturbance, in 
which Records w mad y the three Instruments.” 


Theor il vy f M 00287 
Observed 57 
2 Besides the great sturbing agencies, W se effects 1 y p orl ips be determin- 
able by mather t | p 5 y tra nt local ace lia n of heat or cold 


will exert an in I ythiag t produc nts or eddies in the at- 
mosphere, may also be presu to affect t ther, and the inconceivable rapidity 
of the wthereal m : anifested the velocity the waves of light and 
heat, will account for t ext e sensitiveness of the magnetic needle. 
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Tab les V and VI exhibit an approximation to the proportion, 
Vie tt 2.2 M, bat the approximation does not come within the 
limits of probable error. As no attention is paid in these two 
Tables to ‘the positive and negative signs, we could not reason- 
ably e “pec t so satisfactory re ‘sults as in T'ables II and III. 

“Table VIII Sums, without regard of sign, of Coefficients 
of Magnetic Irregularity (in terms of Horizontal Force) for each 
Year, from 1841 to 1857, including all Days of Record of Great 
Magnetical Disturbance.” The proportion C: T:: T: M, gives 
for M 

Theoretical value, . ‘ 001218 
Probable error, . . ‘000066 

“Table IX. Sums, without regard of sign, of Coefficients of 
Magnetic Irregularity (in terms of Horizontal Force) for each 
Year, from 1841 to 1857, including only those Days of Great 
Magnetic Disturbance, in which records were made by the three 
Instruments.” 


Theoretic al value of M, 001187 
Probable crror, ‘000081 


In addition to these numerical coincidences, the following 
points in Mr. Airy’s paper appear to me to be specially note- 
worthy. 

The Aggregate for the Westerly Force... . (taken in 
comparison with that for the Northerly Force), appears to show 
that, on the whole, the direction for the Disturbing Force is 10° 
to the east of south;” p. 628. This indicates a line of mean 
disturbance about midway between the magnetic me} idian (which 
at London, is about N. 24° W.)}, and the solar meridian, or mid- 
way between the meridians of ntact at in the two sets of 
principal spirals, to which I have referred. 

2. “Sometimes two waves in one direction correspond nearly 
with one in the other Girection. .... A more frequent relation 
appears to be, that the evanescence of one wave corresponds 
with the maximum of the perenne p. 635. 

3. “The most striking particulars in the last line (of Tables 
VIII and IX) are the following: 

“First, the almost exact equality of the Mean Coefficients of 
Irregularity in the three elements. . . . With reference 
to their physica! import, I think it likely that the equality of Co- 
efficients of Irregularity may hereafter prove to be one of the 
most important of the facts of observation.® 

“Second, the near agreement in the number of Irregularities 
for Westerly and for Northerly Force. 


* This approach to equality appears to be still more important, in view of the 
proportionality-—-C :T::T : M—p. £. 
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“Third, the near agreement in the number of Irregularities 
for Nadir Force with half the number of Irregularities for West- 
erly or for Northerly Force ;” pp. 641-2. 

4. Tables X and XI (pp. 648-4) show that the disturbances are 
greatest in the w ter months and in the night hours. Table ».4 
also appears to indicate minima of fluctuations and inequalities 
in months when there is the greatest uniformity of temperature, 
and maxima when the changes of temperature are greatest and 
most frequent. 

5. Tables XI and XII furnish the materials for the following 
synopsis: 


| W of M Mean Ir 

rrure Frequency 
g regularity ¢ 

| 

Time of x 20 / h 15h 9 h. 

| > } ] h lh 


Amt. ofr 176 1400149 00162 126 
Amt. of min 56 v0074 51 


= Time of 8 5h 20h 15h Sh. 
= Amt. of max 154 + 00088 004168 | OOl44 | 136 

4 Amt. of 1 { $4] { QUUT7 57 
Time of 1 1 l 0/ 3h On 10h. 
2 | Time of mir i 23h 17 2% 1A. 


{ Amt. of 1 0038 157 | wOOT4 19 


5) Amt of may +095 | ‘Ov1SU 86 


“The Soli-tidal character of the principal characteristics of 
the occasional Magnetic Storms, as to tre juency, magnitude, in- 
equalities of way sturbance, and lLrregularities, is seen clearly 
in this Table.’ (Table XII) p. 645. There are subordinate 
maxima and * which will become in- 
teresting, when the laws of the principals have been well ascer- 


tained and defin | 

6. “In regard to the Wave-disturbance: for Westerly Force, 
the aggregate is + f — from 75 to 165; for North- 
erly Force, the aggreg 3 + from 3" to 54, — from 64 to 25; 
and for Nadir Force, th regate is + from 235 to 105, —from 
114 to 22"-” pn. 644 

7. Mr. Airy p1 ts s : conclusive considerations, ‘show: 
ing that the ed by the 
forces of any suddenly created galvanic current or polar mag- 
net,” and remarks as follows, respecting his theory: “Its fun- 
damental idea is, that th may bein proximity tothe earth 
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something which (to avoid unnecessary words) I shall call a 
Magnetic Ether; that under circumstances generally, but not 
always, having reference to the solar hour, and therefore, prob- 
ably, depending on th 
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eurrent from N.N.W. to SSE., approximately, or from SSE. 

N.N.W. (according to the boreal or austral nature of the 
ether), is formed in this Ether; that this current is liable to in- 
terruptions or perversions of the same kind as those which we 
are able to observe in currents of air and water; and that their 
effect is generally similar, producing eddies and whirls, of vio- 
lence sometimes far exceeding that of the general current from 
which they are derived ;” p. 646. 

8. “And in the relation between E. and W. disturbances and 
vertical disturbances, there is a point which well deserves atten- 
tion. When a water-funnel passed nearly over the observer, 
travelling (suppose) in a N. direction, he would first experience 
a strong current to the E., afterward a strong current to the W. 
(or vice versa), and between these there would be a very strong 
vertical pressure in one direction, not accompanied by one in 
the opposite direction ; thus he would have half as many verti- 

eal as horizontal impulses. This state of things corresponds to 

the proportion which we have found throughout for the mag- 
netic disturbances, and to the relation found in Article 18. I 
may also add that the rule at which we have arrived, that the 
waves of vertical force are few, but that their power, when they 
do occur, is very great, seems to correspond with what is reported 
of the whirlwinds of great atmospheric storms; which, violent 
and even ot, aye as they may be, occur very rarely at any as- 
signed place ;” p. 647. 

I add a few considerations from Maj. Gen. Sabine’s discussions, 
(Phil, Trans., cliii, Art. X11.) 

9. “The westerly deflections at Kew. . . have a decided 
double maximum, with an intervening interval of about eight 
or nine hours. 

The conical form and single maximum which character- 
izes the easler/y deflections at Kew, belong also to the easterly 
deflections in all Jocalities in North America, where the laws of 
the disturbances have been investigated. But. . . at Nert- 
schinsk and Pekin. . . the conical form and single maximum 
characterize the westerly deflections, whilst the easterly have the 
double maximum. . . . At the two Asiatic stations, the ag- 
gregate values of the westerly deflections decidedly predominate, 
whilst in America the easterly deflections are no less decidedly 
predominant; and at Kew, . . . the amount of deflection in 
the two directions may be said to be balanced ;” p. 282. 

10. The differences of the weekly from the annual means of 
declination, indicate “with a very high degree of probability, 
an annual variation, whereby the north end of the magnet points 
more toward the east when the sun is north, and toward the 
west when the sun is south, of the equator;” p. 291. 
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in the aerial rotation-spheroid produced by lunar attraction. the 
changes in the average temperature of day and night at differ- 
ent seasons and different years, &c.), it may yet, perhaps, be dis- 
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cernible in comparing the results of a long series of carefu) and 
delicate observations. The accompanying tables are deduced 
from such a comparison of the St. Helena records, 


Taste I. 


Solar and Lunar Daily Magnetic Tides, in parts of Force.* 


‘Total force 
Solar 


000 


Vertical force. 
Selar 


Horizontal force 


Solar 


Lun if 


Lunur Lunar 


Hours. “00 “OOD ‘O00 


Moon’s 
Position 


* The first decimal figures are placed, 


+0911 
+0893 
+(368 
+0133 
—O0080 
—O394 
-0465 
-O511 
—0522 
-O0481 
—0449 
-(0405 
-(0352 
=-0329 
+9130 
+0470 
+0805 


+1019 


+1099 


+006 


-O09 
+903 
+006 
LO13 


+229 
+446 
+593 
+6548 
+608 
+611 
+545 
+300 
+219 


Taste II. 


-050 
-O54 


-067 


+95 


+82 
+60 
+40 
+20 
+01 

-15 
~26 
-36 
-41 

-45 
-43 
-41 

-38 
36 
-35 
-34 
32 
+3 
+34 
+63 
+85 


Lunar-Monthly Magnetic Tide of Horizontal Force. 


Mean Daily Fiuctuations of Hori- 
zontal Force at St. Heiena.s 


1844 


6131 
61°66 
62°20 
62°32 
62 56 
62°76 
61°82 
61°37 
60°47 
59°42 
60°23 
60°54 


1845. 


75 


29 
85 
‘él 
40 
36 
43 


3°60 


on on 


on 
cto ty ts Ce te 


3°46 


5 
5 
5 
5 


1846 
40°88 
41°24 
41°73 
41°81 
40°66 
41°34 
41°54 
89°97 
4046 

40°14 


39°72 


Position. 
1844-6 


200 
315 
330 


345 


Mooan’s 


-001 


Mean Haily Fluctuations of Hori- | 


+001 
+001 
-002 
+018 
+025 
+022 
+016 
+015 
+014 
-002 
-03 
-006 
-005 
-005 
+004 


zontal Force at St. Helena 


59°66 
60 35 
60°50 
60 89 
61°64 
61-80 
62:14 
62°16 


1846. 


40 86 
40 27 
40°79 
40°74 
39°79 
40°70 
4065 
41°10 
41°41 
41°34 
4239 
41°85 


1044-6. 


Average. 


51°19 
51°10 
51°20 
50°85 
50°75 
51°32 
51°51 
51°94 
51°96 
52°08 
52-66 
62°32 


for convenience, in an upper line. 


* The value of one scale division is ‘0UU19 of the horizontal force, in 1844 and 
1845, anil ‘00021 in 1846. 


and = 
000 
2 -O11 +031 -005 
3 -Ol4 +044 -006 
4 -020 -007 i 
5 -Ol4 +041 -006 
6 -007 +050 
7 +028 | 
8 000 -O12 iM 
9 +022 -011 | 
10 4032 +074 -017 J 
11 4031 -011 -037 
12 4019 -100 
13 +017 -165 +005 
14 4018 ~224 +019 

15 _009 -289 048 

16 -345 +051 
17 —-398 +029 
18 -465 +015 
19 -513 -011 
21 -491 | 
22 -427 f 
¥3 — -214 q 
53m 51°98 780 | 5881 | 5391 
15 3 52°06 195 59°39 | 53-64 
80 52°26 210 59°35 57 
45 52-58 995 58°88 291 
60 51°87 ¥40 280 
15 52°15 255 
90 52°05 270 33°43 
105 51°63 985 53°81 4 
120) 51°29 52°82 
135 | 51:16 53°10 
150 5113 53:45 
165 | 51°24 5297 
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Table I is compiled from Maj. Gen. Sabine’s Tables 36, 87, 
60, 51, 52, 53 (St. Helena Observations, ii). It is especially in. 
teresting as showing the influence of the opposition of attrac- 
tion to rotation in producing low solar tides at 10 cr 11 P. m, 
the prompt and dir influence of the sun upon the sthercal 
currents in the produ f a high tide at noon, the double 
maxima and minima in each of the lunar tides, the additional 
confirmation of tl] alogies that heretofore pointed out 
between the spheroid attract tation, the opposition 
of the solar and the resemblance of the lunar zenith and nadir 
effects, and the evidence in the partial tablishment” of the 
moon’s tides that most of her magnetic influence is exerted indi- 
rectly on the ceLher, through ne 1n ntion of atmospheric at- 
traction-currents. 

Tables I[ and III were formed by taking the mean of the 
hourly averages, on the twenty-four days in each Junar month 
which are most nearly indicated by the angular positions given 
in the first column. Each of the tabular numbers for 1844 and 
1845 represents the : a f two hundred and eighty-eight 
hourly observations; each of the numbers for 1846, the aver- 
age of two hundred and sixty-four observations, with the few 
exceptions of holidays an ther omitte ys, for which the 
missing numbers were in rpolated. ‘Table indicates a tend- 
enucy to mean lunar influence between ane O°, and be- 
tween 270° angl 285°, the in ice increasing when the moon 
acts either in conjunction \ lth the sul ] directly upon con- 


Moon’s 


Position t. Helena 


| 

Average 
46°54 47°12 
46°29 
15°88 47°43 


densed air and vice versdé. It also shows the existence of disturb- 
ances, which may be accounted for by some of the causes to 
which I have already referred. Table III exhibits apparent 
tendencies to diminution of ‘e near the syzygies, and to in- 
crease of force a day or two after the quadratures. 


* The value of one scale division varies from ‘00051 to ‘00091 of the vertical force. 


i 

Al 

an one y I tions of Vertical 
° 1544 A ‘ 

0 48:42 16°8 { 17°7 

80 47 18 { { iS 14 48 

5 4 ‘ ‘ 

45 | 47° +8 4639 | 47°38 
GO | 4745 | 46 4 1532 | 47°44 
105 4762 | 46:92 | 4 1461 | 46°75 

| | | 48-26 | 44-91 | 47-08 
hia 135 41 an +i 4 4 { i§ 1495 47°23 
150 17°4 8-4 { 13°78 46°73 
165 47° 17-44 { ag 40-54 
ite 
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Table IV is a compendium of the tidal differences in the 
two preceding tables. It shows the effect of temperature in 
producing maxima and minima when the coolest and warm- 
est portions of the earth are submitted to the direct action 
of the moon (at or near 240° and 45°), low temperature 
producing a minimum of horizontal force, with a maximum 
of vertical force, and vice versé. From the variations of hori- 


zontal force (> ) and vertical force (=) given in this table, 


AG 
table V is formed, the mean variations of total force ( being 
4 


Taste IV. 


Lunar-Monthly Magnetic Tide. Differences from Monthly Means. 


Moon’s Horizontal Force Vertical Force Meuns 


1845. 


Aq AX 
obtained by the formula —- = cos? 4 x + sin? 6 I have 


taken 6=—22°; one scale division of horizontal force =-000194; 
one division of vertical force =:000792: which are almost iden- 
tical with the values employed by Gen. Sabine in the computa- 
tion of his tables of hourly variation in solar and lunar total 
force. 

In a similar manner I have computed Table VI, showing the 
average hourly variations, both in solar and lunar total force, in 
each of the three years which have furnished the data for most 
of my deductions. The first decimal figures are placed in an 

Am. Jour. 8c1.—Seconp Series, XXXIX, No. 116.—Marcu, 1865. 
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4 

|+ 464 | - +59 + °51 | -156 +30 
15 + ‘73 +08 4+ 428 L 1-99 10 
80 4-127 4+ + - ‘57 +58 -'19 
45 | +139) +40 | + 91 + °25 | -1'16 -48 
60 +1°63 81 *24 + | +19 -"45 
75 +1°83 + ‘44 - ‘12 90 +47 

90 + ‘89 + 64 -"18 - °35 —"37 
105 + “44 -10 - -108 | + °19 
120 - 46 +°22 —"30 ‘58 + 
150 |--70| -20 | - | | -55 | +44 4 
165 +39 +25 -1'18 £190) - 44 +'42 if 
180 -2'12 +70 - 2% +1°42 —49 +13 
195 | -154| +48 | - 68 +1: + | 41:17 +48 
210 -1°58 +31 °6 + 4°44 
295 -2°05 - ‘16 34 + | +1:27 -"83 +09 
240 -1°27 +57 + + 93 
255 - ‘68 -'29 - 20 +33 + 52 | - +12 
270 - +°22 - °25 + ‘OS - —17 
315 + ‘87 + “44 + 56) - ‘17 
830 +1°21 +°24 +149 +66 | - 09 | -1°34 +98 

345 +1°23 + °95 +°35 - ‘56 +64 

) 
4 
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upper line, as in Table I. Perhaps the principal utility of this 
table may be found in some future extension of these investiga- 
tions, but even now it is interesting, inasmuch as it exhibits the 
probable influence of periodic causes in shifting the hours of the 
daily maxima and minima, and as it Jends added weight to the 
preceding tables, by showing that the monthly tide is more reg- 
ular than the daily tide. 


] 


llelena, 


00007 

0014 00004 

+ O0004 
+ 


+ 


It seems not improbable that the mutual planetary perturba- 
tions which are sufficiently powerful to affect their orbital revo- 
lution, may also exert an appreciable influence on their ethereal 
spheroids, and that numerous cyclical magnetic variations may 
be thus produced. The disturbance of Jupiter is by far more 
important than that of any other planet, its mean attractive en- 
ergy being nearly a third proportional to those of the sun and 
moon.’ ‘The annual fluctuations are very great, the intensity 
being about ;}; when Jupiter is nearest the earth, and Jess than 


half as great, or only about ;},, when most remote. The com- 
bined operation of the tropical revolutions of Jupiter, the moon’s 
apsides, and the moon’s nodes, should produce a series of dis- 


turbances corresponding very nearly in duration with General 


7 If we take as our un 


M 
t the moon's attraction for the earth —, the sun’s will be 
about 177, and Jupiter's ;4, D? 
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Sabine’s magnetic “ decennial period,” and Schwabe’s period of 
solar spots. 

The law of varying attraction suggests a plausible explanation 
for the approximate mean proportionality of the barometric to 
the tidal and magnetic variations. For the ratios of attraction 
of any planet when in solar conjunction, at quadrature, and in 
opposition, vary as (n + 1)?, n?, and (n — 1)?, respectively, the 
attraction at the mean distance being nearly a mean proportional 
between the maximum and minimum attractions. ‘The barome- 
trical fluctuations are occasioned by variations in the gravitation 


Taste VI. 
Solar and Iunar-Daily Tides of Total Force. 


und | Solar, | Lunar, 
Lunar | -—— | | -—/ — 
Hours. J ‘000 
| +83 +009 +388 +004 | 
1 +85 +011 +97 -014 +016 
-005 +85 -G16 -—004 
-04 +63 -008 7 +018 
-024 +41 -012 +017 
-032 +20 -001 +024 
-027 +02 +002 00 
+010 +022 
-006 —94 +003 26 +022 
+001 +034 6 +022 
+008 3 4041 0 +094 
+029 +031 +021 
+017 +021 | 5§ +108 
+021 +012 | +011 
+045 ‘ +012 -(001 
+021 2 +006 | 38 -029 
+001 +006 | -033 
-004 3 +006 -027 
-012 | 37 -008 | 2 -020 
-006 36 -016 -019 
-014 -008 | -O11 
+017 03 -006 | -091 
+022 3: -002 —008 
+016 3 -008 1063 -—O10 


Solar. Lunar 


“+f “000 


CO 


as 


@ 


of the air toward the earth’s center,—the tidal motions, by the 
influence of distant heavenly bodies,—-and the inagnetic, accord- 
ing to my hypothesis, by the oscillations of the air and zether in 
their efforts to restore the unsettled equilibrium. The three dis- 
turbanees, therefore, must evidently have nearly the same mutual 
relations as if they were produced by three forces, one centripe- 
tal, and the other two centrifugal, the two latter being nearly 
equal in amount but diametrically opposed in direction. This 
leads us at once, theoretically, to the general formula with which 
we started empirically, 


A:B::B: M, 
and strengthens the conviction that there are none of the phe- 
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nomena of terrestrial m lagnetism which cannot be explained, 
either by the instantaneously received and instantaneously trans- 
mitted impressions vhich are made directly upon the gether by 
attraction, heat, or rotation,—by the more sluggish oscillations 
of the air, which orig te from the saine sources,—or by the 
combination of the two. 

Every particle is exposed to the influence of these several im- 
pressions, the tid ‘ ; yf ie solid earth having a range, 
according to Prof. Thomson's calculations (Phil. Zrans., cliii, 
574). at least two-fifths as great as if the entirely 
fluid. There is, therefore, good reason that by the ap- 
plication of mechanical Jaw the several the sethereal 
undulations which produce he phenomens f jioht, heat, elec: 
tricity, polarity, iggregation, and diffusion, we may obtain a 
clearer understanding, not only of all the meteorological changes, 
but also of seismic tremors, ‘rystallization,” tratification, chem- 
ical action, and ge rph 

If density is a functional product of superfic al _ magnetism 
and central attract the resemblance of th ( } B= / AM, 
to the expression of Mr. Graham’s experimental Th v of molecu- 
lar diffusion, Time Density (Proc. Itoy. Soc., No. 56, p. 616-7), 
and to the general theoretical formula of which Mr. Graham’s is 
a corollary, 


may be someth lan a ntal. 

If we assume the atmospheric density as our unit, D’=1, and 
represent the aerial : cet al elasticities by E’, E”, respect- 
ively, the proport 


gives an approximate value for the density of the kinetic sether, 


D’”=-00000000000108 The magnetic and barometric fluc- 


tuations may perhaps furnish the necessary data for determining 


the unknown 


® The phosphores » that is often observed during the proc ess of crystalliza- 
tion, and the auroral lays st r,are perhaps owing to analogous vibra- 
tions. Every cher well as every physical, action prov ices a ponderable dis- 
turbance of equili which must give rise to ethereai lations, to which, in 
their simplest fourm, we give the name of electric, magnetic, or > galvanic currents. 
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Art. XVI.—On the construction of the Spectroscope; by LEwis 
M. RUTHERFURD. 


I Know of no good substitute for bisulphid of carbon as the 
dispersive agent in the spectroscope. Flint glass, besides being 
expensive, when in large masses and of good quality, possesses 
but half the dispersive power, and the specimens of the denser 
glass which I have seen tarnish so rapidly, and have so high an 
index of refraction as to be practically useless. Having devoted 
inuch time to the construction and management of bisulphid of 
carbon prisms, it is quite possible that the results of my experi- 
ence may be useful to those who may wish to fit up a spectro- 
scope with such prisms, and perhaps I shall best attain the object 
by describing my own instrument. 

The two principal telescopes are provided with ol jectives of 
1°6 inches aperture and 19 inches focal length. The slit or col- 
lecting telescope has but one motion about a vertical axis at the 
side of the platform and just in front of the objective, enabling 
it to command all parts of the platform. The observing tele- 
scope has two motions, one about the central axis of the instru- 
ment, and the other about a second vertical axis, which by means 
of aslide, capable of being clumped, can be placed under the last 
surface of any prism on the platform; thus commanding by 
one motion the whole spectrum. 

Before the slit is a prism for the comparison of different spec- 
tra, and the observing telescope is prov ided with eye-pieces of 
various powers. The first cireuit consists of six prisms which 
are of brass faced with plates of glass, cemented with glue and 
molasses. These are each of shan the angie of 60° and present 
an aperture of 2°9x18inches. The faces to receive the glass 
are carefully ground to : flat surface and the glass quite thick 
and free from veins has been selected with reference to the flat- 
hess and p sarallelism of the sides 

Since however it is scarcely ] ‘idles to find glass with paral- 
lel surfaces, care has been taken so to place the glass that the 
inclination of its faces is perpendicular to the axis of the prism, 
After grinding the prisms, the bases were so adjusted by filing 
that the refracting surfaces are rigidly perpendicular to the 
plane of the platform. This once done removes all necessity 
for foot screws, which complicate the prisms and add to the ex- 
pense. The surface to be glazed was washed with an alkaline 
solution to remove all grease, an 1 then ia dilute nitric acid, final- 
ly washed in pure water and allowed to dry spontaneously. 
After being warmed, the prisms were so placed that the surface 
to be glazed was uppermost and in a horizontal position: the 
glass, having been cleaned, after the manner of a plate for photo- 
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graphic purposes, also warmed and both surfaces to be in con- 
tact dusted with a fine camel’s hair brush, was placed in position 
upon the prism, 2 hot and fluid mixture of glue and molasses 
was then applied with a fine brush around the edges of the 
glass, whereupon a uniform and verv thin film of the cement 
was introduced between the glass and the prism by capilarity. 
The prism was left untouched, until the cement had hardened 
so as to admit of its bein moved and placed glass downward, 
for at least a day, when the next surface was treated in like 
manner. After the expiration of another day, I generally put 
on another coat of cement, much thicker in consistency than the 
first. In five days more tl prism was ready to be filled through 
an orifice in the top, to whi s fitted ; ind stopper which is 
rendered perfectly tight by a little m s. It may be thought 
that my description is needlessly particular, but I have mentioned 
nothing which experience has not shewn to be necessary to the 
permanence or pel ance of the | 
I soon discovered that, after I had made a good prism, its per- 
formance would be uncertain, a inally traced the difficulty 
to a want of equal density in the bisulphid of carbon, and this 
eculiarity I have observed not only in the fluid of commerce, 
bat quite as much iat specially redistilled for the purpose. 
The tact of this unevenness of density is found in two ways. If 
a good prism which, with a high power, refuses to define the 
soda line, (a mor ngent te ar lines,) is violently sha- 
ken and then placed in position, it will for a few minutes define 
beautifully, but gradual! le into its former condition. By 
covering the aperture of the prism, except a small portion of the 
upper part, and bisecting the soda line with a spider’s web in the 
eye-piece, all part he instrument being clamped, then cover- 
ing all but the lower porti he prism, if will be found that 
the soda line has been carried a notable extent toward the 
violet end of thé 
This want of h geneity in the bisulphid of carbon is entirely 
different from the disturbance of dei by thermal variations. 
It is a permanent feature of some gs] s of the fluid, and is 
most observable when the prism has been longest at rest in 
equable temperature. have on rism, filled nearly two 
years since, which d I} rt time after being 
well shaken, | ym retur! poor c dition. The differ- 
ence between refract of the upper and lower 
strata is quite a measural le quant ty. My mode of overcoming 
this obstacle is to filter several pound bottles of the bisulphid of 
carbon into a long glass jar, having a fuucet at the bottom anda 
ground stopper at the . After remaining undisturbed two 
days, the liquid arranges itself according to its density, and I 


fill the prisms from the faucet, being careful not to shake the jar. 
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Careful and repeated measures give for the index of refraction 
of the soda line with the prism first filled from the bottom, 
1°62376, and with the ninth prism, filled with the fluid near the 
upper portion of the jar, 1°62137. 

In order to obtain fine definition, it is necessary that the prisms 
should be placed at the angle of least deviation for the ray under 
observation. To make the adjustment with several prisms, or to 
change it when made, is so laborious and troublesome a task as 
almost to amount to a prohibition of the use of a powerful bat- 
tery for practical and extended investigations. ‘To remedy this 


evil I have devised and executed a mode by which I effect the 
adjustment of all the prisms by one motion of a milled head. 
An inspection of the accompanying Fig. 1, which represents the 
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system of prisms witho he button, as seen from above, will 
shew the manner in which this adjustment is accomplished. Upon 
the glass plate which forms the platform of the instrument, and 
in the center of the tem, is cemented a brass plate, in a cavity 
of which revolves without shake a pinion provided at the top 
with a milled head, as‘ 9. 

seen in figure 
prisms are all li 
gether at the 
and from tl 
each projects 
angles a brass 
vided with a sk 
embracing the revolving standard accurately, retains each prism 
in such a position that, whether near more distant from the 
center, its back is always perpendicu t e radius connecting 
it with the center of the standard, The slot of the third prism 
is provide , so that by 
turning th 


e mille hes i this p mis tore approacn or de- 


part from the center: but, froin the construction, this cannot take 
place without imparting a similar motion to each of the other 
prisms, and thus, at will, ir backs are made tangents to a lar- 


ger or smaller sht. 

This mechanism cal 19 or any smaller 
number, of eq prisms. The outer spiral, when more 
than six are used by | 

New York, D 


Sheffield Laboralory of Yale 
zed Diopside as a furnace pro- 


SoME months since, Mr. Jose rector of the Cooper 
Iron Works at Philipsburg, w Jersey, sent to me an exceed- 
ingly beautiful crystallized furnace product, which he had ob- 
served in one of his furnaces. Itc d of a group of color- 
less to grayish-white prismatic crystals, associated with a grayish 
vitreous mass of the same substance, intermingled with frag- 
ments of anthracite and traces of graphite and metallic iron. 
Many of the isolated crystals were transparent and colorless, 
while others were grayish white and transculent; some of the 
larger ones were over half an inch in length by one sixteenth 
of an inch in diameter. Mr. John M. Blake has determined them 
to have the form of rhombic prisms with brilliant reflecting 
surfaces. He obtained for the acute angle, in four measurements, 
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with the reflecting goniometer, 86° 50’, 86° 52’, 87°, and 87° 12’. 
The prism was truncated at each of its obtuse angles by a plane 
of nearly the same width as the planes of the rhombic prism. 
The terminal planes were observed on only a few of the smaller 
crystals, and as they were microscopic were not measured. 
There is a tendency to cleave apparently in the direction of the 
rhombic prism, but no reflected image could be obtained from 
the more or less conchoidal surfaces thus produced. 

The hardness of the crystals was about 5:5, and the specific 
gravity was found to be 3°16 (determined on 138 milligrams of 
substance). Lustre, vitreous and brilliant. Before the blowpipe 
in the forceps the substance fuses easily with intumescence to a 
colorless glass, giving at the same time an intense soda flame. 

It is partially attacked by chlorhydric acid, emitting the odor 
of sulphuretted hydrogen; and entirely decomposed by fusion 
with carbonate of soda. Analyses made by Mr. Peter Collier, 
assistant in this Laboratory, gave the followin 


IIL. 


g results: 


Silica, 
Alumina, 
Lime, 
Magnesia, 
Ferrous oxyd, - 
Potash, 

Soda, 
Calcium, 
Sulpbur, 


Manganous oxyd, 


100-42 
Analysis I and II were made by fusion with carbonate of 
soda, with addition of nitre to oxydize the sulphur to sulphuric 
acid. The alkalies (III) were determined | smith’s method. 
The small amount of sulphur was calculated as sulphid of eal- 
cium. The oxygen ratio of the mean shows the relation of the 
+] 


protoxyd oases to that of the silica and alumina, considering the 


latter to replace silica, to be 14°57 to 28°95 or 1: 2, giving the 


formula R (A, Si)2. his is the composition of alunnnous diop- 


side, and corresponds very nearly with that described by Hunt 
rom Bathurst, in Canada.' The crystalline form, as determined 
he observations and measurements of Mr. Blake, shows 
;relation to pyroxene, and, taken with the chemical 
coinposition, leaves no doubt as to the identity of the crystals 
with the diopside variets of that mineral. Diopside has been 
previously observed as a furnace product by v. Kobell,’ and 
Hausmann,*® from iron furnaces at Jenbach, near Schwatz, in 
the T'yrol, and at Gammelbo in Sweden. 
* Rept. of Geol, Canada, 1863, p. 467. ichener gelehrte Anzeigen, xix, 97 
* Liebig & Kopp, Jahresbericht. 185! 
Am. Jour. Sci.—SeEcOND Serius, Vou. XX XIX, No. 116.—Maren, 1865, 
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In regard to the occurrence and formation of this interesting 
product, Mr. Kent has kindly communicated to me the follow- 
ing facts: ‘I had one of our large furnaces (21 feet diameter 
and 55 feet high) in blast for over three years. At the end of 
the third year the fire brick under the flues commenced burning 
away, but, unwilling to put the furnace out when it was working 
well below, I kept on for some weeks, and then took off the 
blast without ‘blowing out,’—as by ‘blowing out’ the top of 
the furnace would have been damaged. I then drew the stock 
out from below, and when the greater part of it had been with- 
drawn, threw water in to cool the interior and quench the fire. 
This, of course, left a solid mass in the hearth and exactly in 
the centre of the furnace, just above the tuyeres, say three and 
a half feet from the bottom, [ found a mass of these crystals 
clustered within a space of about four cubic feet. I did not find 
them in any other part of the furnace, and had never before seen 
or found anything like them.” 

New Haven, Dec. ‘ 


Art. XVIIJl.—Jntroduction to the Mathematical Principles of the 
Nebular Theory, or Planetology ; by Gustavus Hinricus, Pro- 
fessor of Physics and Che istry, lowa State University. 


(Continued from p. 58.) 
0. The condilion of the primitive Nebula. 


Whatever may be the distribution of matter in the nebula, 
and however tiie particles may move, the beautiful theorem— 
the magna charta of the nebular theory—obtuains, i. e. the nebula 
possesses the invariable pla 1@ Of Maximum areas, or 1f w represents 
the angular velocity. 7 the projection On the invariable plane of 
the radius vector drawn out from the center of gravity, m the 
mass, and A the projection of the area swept over by r in the 
unit of time, we have, C being a constant, 

or, as the centrifugal force 7 of the particle m with respect to the 
principal axis is 

(6) 


while, at least for a very small unit of time, 
Astor, 


we have also =m = 20. (8) 

On account of the resistance of the ether, C will not be quite 
constant, but decrease in time: still it is apparent that, as a first 
approximation, we may neglect this resistance by considering C 


strictly constant 
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Now, by the mutual attraction of the particles, the nebula is 
continually becoming more dense, or r is continually decreasing ; 
hence, by (8), the centrifugal force of any particle in the nebula ts 
continually increasing. 

But the force of gravity at the surface is likewise constantly 
increasing ; for we may without materially erring conceive the 
mass below the particle to remain constant, but then gravity is 
inversely as the square of the radius, or rapidly increasing with 
the progress of condensation. 

Sut these two forces determine the figure of the Nebula. UWowever 
irregular the figure may be at first, we see that the moulding 
forces, by constantly increasing, will at length shape the nebula 
accordingly. From Plateau’s Experiments (see above, § 6, re- 
sult 1, 2) we know this shape to be a flat ellipsoid. Laplace’ 
has demonstrated that but one single oblate ellipsoid of revolution 
will be produced by these forces, 2. e. 

the plane a, y, coinciding with the invariable plane, being the 
equator, z the azis of rotation = 2a, and 
m= A= 19 8, sind =e, (10) 
e being the eccentricity of the meridian; hence the equatorial 
seml-ax1s 
a= a,W 142, (11) 

Assuming, for a moment, the nebula to be homogeneous, we 
can determine the eccentricity by the density 6, and the angular 
velocity » (i. e. by (6) proportional to the square root of the 
centrifugal force g at a unit of distance). Laplace found, if the 
mass of the whole nebula be M, and its moment of inertia E, 
that 


J/9 


M = 

95 E2 

4 
10 

M* 

9 + 342 
which last equation he shows to have but one single positive real 
root, so that 4 or e has but one value, if g, the centrifugal force, 


and 3, the density, are given. 
But the density is certainly not constant throughout the whole 


arc 4) = 


* Mécanique Céleste, Liv. iii, chap. III, § 21. 
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nebula; but as this nebula is a go: dy, 6) will be deter- 
mined by 7 and gravity and, just as it case of our earth, be- 
come uniform in thé ‘eSS1\ ymothetie ellipsoidal shells in- 
cluded between any tw e surfaces. Hence we may 
consider 5 as a f tion of the equatorial ax yf such surface, 


ae 3 I l! toward the center ve may, 
1e oe 


and, as th 
stead of t 


} 
hea 


(16) 


take the law assu 
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Plana 
case of the e: 
shown’ how t 
stances relating 1 of 

It must finall; 1d that th may have the 
various elements at e, because the laws of fusion 
of gases will apply to t FASE nebula. far the chemi- 
cal analyses of 
moon and pl 
must not ha 
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Note sur el ‘ ed i terre Astronomische 
cXV \ rtl nsity at the cente of the earth, 
1e finds 16°301¢ 

3 Tn'edning en R é I ger Stoffernes Kreds Naturen (on the 
circulation of the ement Nordisk I ersitet skrift, viii, 1 
hefte. Copenl 

As an instance, ’ ation of irst the smaller 
diurnal orbits t é ints : next tl reater annual cir- 
ee betweer washed | f the s¢ and, being here deposited 
in large strata ti ency of nimals, these are avi ifter lung ge- 
ological periods, } y by the ( rs of nature 
for N \ the lime at first come 
from? Forchl 2°7) are less 
dense than the 
the first peric 
would be for of rocks, j me equently unfit to s 
port life, not fos é By t next volutions t k was dislocated 
broken through by ying trap! conta me a ron as silicates; 
the atmosp! beit ( nd be ved in the then hot 
waters wot di est t I thu ircu i Or- 
ganic life can now first nd the f fossilifero ocks appear. This 
beautiful idea is furt tiat by t fact that v after a longer 
period of rest, « ors like 
masses { 
containing | ] 

The richest de} I he Tr | ed by the extraor- 


dinary mestone | i, tl ving another link in this 
chain of inductior nsum, being mor luble, will more rapidly circulate, 
and thus occas 

These views of t eachet patient investigation yet may 
accomplish ; we see t I the s : or granite an an—see why or- 
ganic life coul commen r than it d : » cause for abundance of 

limestone during the J - 1, et ) the simple mmstance that granitic 
A 


masses, being lighter x te r 1e latt e jgneous globe, 


Pe the i ior of our earth, 
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as the diffusion certainly is limited by the sinking of the denser 
particles. Ina nebula from which a whole cluster of solar sys- 
tems has been formed, we may therefore expect to find consider- 
ably different elements. We thus decline the imputation of 
Rutherfurd that homogeneity of original diffuse matter “is almost 
a logical necessity of the nebular hypothesis,” and cannot see 
any real objection to this hypothesis, if, as he says, “ we have now 
the strongest evidence that they (the stars) also differ in constit- 
uent materials” (this Journal, 1863, vol. xxxv, p. 77). 

In regard to the signification of 6 we must remark that, in the 
following, we use the letter d to represent the mean density of the 
nebula from the centre to the distance r, while ia (17) 4 indicates 
the density of the shell at the very distance r. As (17) is only 
adduced to serve for a comparison, this course is legitimate. 
But it is easily demonstrated, that, at least for a spherical nebula, 
this law (17), if true for the individual shell, will also be true for 
the mean density of all shells inside of it. For, the actual den- 
sity varying according to (17), the mean density of the interior 
body from r=0 to 7 is found to be 


where c’=%c. This law‘ is evidently the same as (17). 


§ 9. Attraction in the Nebula. 


As the nebula now may be considered made up of homothetic 
oblate ellipsoidal shells, individually of constant density, and as 
we know (from Méc. Cél., liv. ili, chap. 1, §2,) that sach a shell 
does not exert any attraction on a point within, we find the attrac- 
tion at any point in the nebula determined by the attraction of the 
ellipsoid whose surface passes through that pount. 

This force, at the point X,Y, 2; is goiven by the following for- 
mulae (from Aféc, Cél., liv. iii, ch. I, § 4), independent of the law 
of the density (17), and merely depending on the proved uniform- 
ity of the density in each separate shell. 


If we put 
3m 


then the components X, Y, Z, of the attraction (positive toward 
the origin) are 


X=Q.=; (20) 


a 
1 
(21) 


* The “ Density ” in Trowbridge’s article (this Journal, xxxviii, 854, 1864), is dif- 
ferent, because referring to the density at different periods of time. 
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as the diffusion certainly is limited by the sinking of the denser 
particles. Ina nebula from which a whole cluster of solar sys- 
tems has been formed, we may therefore expect to find consider- 
ably different elements. We thus decline the imputation of 
Rutherfurd that homogeneity of original diffuse matter ‘is almost 
a logical necessity of the nebular hypothesis,” and cannot see 
any real objection to this hypothesis, if, as he says, “ we have now 
the strongest evidence that they (the stars) also differ in constit- 
uent materials” (this Journal, 1863, vol. xxxv, p. 77). 

In regard to the signification of 6 we must remark that, in the 
following, we use the letter d to represent the mean density of the 
nebula from the centre to the distance 7, while in (17) 5 indicates 
the density of the shell at the very distance r. As (17) is only 
adduced to serve for a comparison, this course is legitimate. 
But it is easily demonstrated, that, at least for a spherical nebula, 
this law (17), if true for the individual shell, will also be true for 
the mean density of all shells inside of it. For, the actual den- 
sity varying according to (17), the mean density of the interior 
body from r==0 to x is found to be 


where c’=3c. This law‘ is evidently the same as (17). 


§ 9. Attraction in the Nebula. 


As the nebula now may be considered made up of homothetic 
oblate ellipsoidal shells, individually of constant density, and as 
we know (from Méc. Cél., liv. iii, chap. I, $2,) that such a shell 
does not exert any attraction on a point within, we find the attrac- 
tion at any point in the nebula determined by the attraction of the 
ellipsoid whose surface Passes through that point. 

This force, at the point a, y, z, is given by the following for- 
mule (from Aféc. Cél., liv. iii, ch. 1, § 4), independent of the law 
of the density (17), and merely depending on the proved uniform- 


ity of the density in each separate shell. 


If we put 
3m 


then the components X, Y, Z, of the attraction (positive toward 
the origin) are 


x=Q.=; 


a 


(21) 


* The “ Density” in Trowbridge’s article (this Journal, xxxviii, 8354, 1864), is dif- 
ferent, because referring to the density at different periods of time. 
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All of these thre omponents act to condense the nebula; but 
X and Y¥ also d the rey tion of the particles, while Z 
has no such influ | mot ; in the direction of the axis of 
z mutually des en ther, because is the invariable 
plane. Com pos 


and directed { 
Substituting 


where 


As now # onl son 4, i. e. on the eccentricity (10) which 
is constant, th 3 beings th we see that “ is at any 
given moment 1 f the nebula the same, hence: the 
radial force R tis 7 poi ensili and the 
distance fre 

This simple 1 ; of very great importahce, as we shall see 


in the sequ 


The particles of 1 nebula had ‘originally motions in all di- 
rections; but as w existence of a momentum of 
rotation (§$ 6), the pi f th Vi lane will keep up 
this momentu ‘f otio t variance therewith will 
in time mutu troy the ve herefore, all particles 
describe 

Such as thi t of the s irticles that formed a planet 
will also be the « it ne ttel tne ec entricity and 
inclination of all planetary orbits ought to be zero. ‘T'his may 
also be seen it neriment, ¢ agrees well with 
the simallness of t ' tricity and the inclination (see 
$l, 9 and 11 o, 4 til] t yf these two quan- 
tities ‘Is actu ; these s leviations from 
this value 
problem 

We think ) there are two modify y circumstances, the 
ruplure of W yonuna | ower as vet to take 


l 


into considerat | the perturbat influence of already 
separated masses. 1] latter we y estimate. Representing 
the eccentricity ins 1 of t t to the ecliptic 
by 7, to the » by I, we have from observation 
Zumboldt’s 

* The numbers i st column of the follow ble are not quite exact. 
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M 22) we obtain 
(23) 
The the J 
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Mercury, 2056 
Venus, - ‘0068 
Earth, 0168 
Mars, - 0932 
Astervids,® ‘160 
Jupiter, - "0482 
Saturn, 0561 
Uranus, - ‘0466 
Neptune, - 0087 
Iuvar. plane, - 

We see how clearly the principal members of the system 
move in one plane, and that this plane is the invartable plane of 
the system ; the great planets deviate less than one degree, the 
principal of the interior planets, Earth and Venus, only 1% de- 
grees—and even the inclination of the smallest planet, Mercury, 
amounts to but 54 degrees! So also in relation to the eccen- 
tricity, this being less than one-twentieth for the principal bodies, 

As to the deviations, we see that Neptune, which 1f not the 
most distant planet, certainly is (or was) separated from the next 
by a very large distance, so that if either could notat all, or but 
slightly, be disturbed, has indeed the smallest inclination (only 
6 minutes!) and about the smallest eccentricity (less than one- 
hundredth!). Jupiter, which, on account of its enormous mass, 
could not be much disturbed by other bodies, has an inclination 
of only 13 minutes, while Saturn and Uranus have—correspond- 
ing to their smaller mass—about four times as considerable an 
inclination (48 and 55 minutes). The eccentricities of these 
three orbits are about equal; perhaps that of Jupiter is near its 
maximum, or the eccentricity of Saturn and Uranus near their 
minimum, 

The inclination of the Earth and Venus is greater than that of 
the exterior planets, for the mass of the former is small as com- 
pared to that of the latter; but as Venus and the Earth are the 
great planets among the interior, we see that the inclination and 
eccentricity of Mercury’s orbit are much more considerable than 
either, and that Mars has less inclination and eccentricity than 
Mercury. Is it because Jupiter, the only planet that would exert 
considerable perturbation on its development, was so far distant? 

The orbit of the asteroids is explained in $5, V.°. We gave 
publicity to these views in an address delivered before the phys- 
ical section, at the meeting of the Scandinavian philosophers, 
July, 1860. 

* Mean of the first 72 Asteroids, elements given in Table of Smithsonian Report, 
1861, p. 218-219. 

* We intended in this place to give a fuller account of our views concerning the 
development of the asteroids; but learning from a letter of Mr. Trowbridge that 
the continuation of his article will contain a solution of this preblem, | abstain for 
the present from publishing my details. 
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The same principles will apply > satellites; but we have 
too few dat | lake vom parison yf thi | rinciple with obser- 
vation profitabi 


§ 11. The periodic time th anel epler’s third law. 


Since every particle i ame shell revolves around the axis 
under the i ( f a force R proportional to the distance r 
from the axis (§ 9), we k: rom mecha! that the periodic 
time T' of suc 


(24) 


where, it will be ret bered (23), the same for the whole 
nebula, and 4 stant for the same shell, so that ime of vev- 
olution is the sa yall j tic shell, but 
Jor the different lio re root of the 
density. Thus eve) ell rotates as if it wel 1; and if the 
whole nebula Lt ime d y throue! t it would rotate 
like one solid put if the densit » different in different parts, 
some shells w 7 
Eliminatii 


(25) 


We know that the ellipticit the nel is determined by 
the centrifug 1d the latter by the state of condensa- 
tion (§ 8); a L | 
can not but ¢ 
in the same m 
crease of the lin I 
tinue and prod series of rings in a tain succession, just 
as one ring was Lin th riments of Plateau ($7). We 
see now now t nt U ise OF CO hsation occa: 
sions a periodical chan io the nebula. Granting 
the variation of t the | > ellipsoid to be 
determined DY msi es ell psoid itself. 
may compare t rres} zes of the nebula by referring 
to the same « pt ty r th same l ; ab any rate, we 
know that t in f we o ! » the nebula, when 
within the limits of the possible psoid. But then ’ will be 
the same for ; ings, las the: of the planets is but very 
small as comna to that of the remains a ¢ constant. 


Then (25) | 


(26 


| || 
| 
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or the squares of the times of rotation of the different rings are as the 
cubes of their radit. 

If we remember that the possible ellipsoids reach to a propor- 
tion of 1 to about 3 between polar and equatorial diameters of 
the nebula, we can be sure that ¢iis covers the principal part of 
the metamorphosis; hence, (26) is rigorously proved for the 
greatest part of the condensation intervening between the forma- 
tion of two successive rings; the nebula acquires its we 
dimensions while changsng in accordance with the ellipsoidic 
figure, and when a bandoning this it quickly passes to the form 
of aslightly oblate spheroid andaring. The interruption in 
our strictly mathematical demonstration cannot, therefore, seri- 
ously interfere with (26). But then this or Kepler’s third law is 
a consequence of the nebular hypothesis, or the observations embodied 
in this law sustain equally the nebular hypothesis and grav itation. 

Again, inductively, we may conclude from Kepler's third Jaw 
that the interruption in our analytical deductions occasioned by 
our ignorance of the exact mechanical laws of the metamorpho- 
sis of the ellipsoid into the globe ring (we might in reference to 
Saturn find the expression Kronion-form convenient) is not of 
serious consequences. 

Thus we may at least conclude from the third of Kepler’s 
great laws that the development of the planets was periodical ; 
for, this law be ing a fact, and (25) being rigorously true, we must 
have 


M 


but, as remarked before, M remains essentially constant, hence 
“ or what is the same 4, i.e. the ellipticity ¢ of the nebula cor- 
responding to the different planets, must have been the same at 
corresponding epochs, just as we assumed above. 

But ¢f the metamorphosis of the nebula has been periodic, and 
not simultaneous, we at ascertain whether the successive inter- 
vals of time were equal or not. We shall find that they were equal, 
just as it would be the most natural or the simplest to assume. 


§ 12. Spiral Nebula. 


In the ore paragrap yh we considered the density of the 
nebula sensibly equal throughout, so that the nebula always ro- 
tated like a solid, all particles havi ing sensibly the same period 
of revolution. This might be done, because the dimensions of 
such nebula—however immense in reality—are not sufficiently 
great to produce a very large change in 9 (17) in the space al- 
lotted to each planet. 

But there may be bodies of dimensions so vast as to render it 
utterly impossible to consider the density approximatively uni- 

Amu. Jour. Scr.—Seconpb Ssnigs, XXXIX, No. 116.—Marcz, 1865. 
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form throug] he bulous 1 : The he nebula will not 


rotate likea s | t the angular velocity ol any particle 


according t 

If 6 be 
original 
have 


or by 


hemem be ensity é he aistance 


ressing conden- 


(32) 

> las 
particies 
given DY 


(33) 


les of a me- 


(17) in (81) or (82), 


(34) 


wherein t | t vy (u), the densily 

ct pends upon the 

We see that 

these spires tec that the sweep @ of 
the spire 1 
center, and 

In order that su piral structure may becom arent in a 


regul ire ) il i lontne 5 I r1g nally have 
he density was 


ins. 
n the Op- 
ates in the dl- 
, the spiral nebu/a, (fig. 
he sweep, or the angle 


| 
will be (28) 
or, by (24), (29) 
As # (2: unt for the who we see that the ane 
quiar ve lensily. or 
I S | ch are 
(29 
29) 
(16) and : on ¢ t of 1 
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At ant ‘ 
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Wilil now 
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constant 
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i Uris S OT! 
posite m .C and BO, (Fig. 1.) : 
rection of 1 xis ( 
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BCE = a, would increase, whilst A and B remain nearly at the 
samc Stinebes from C: so that an annular nebula with a central 
core might in time result from a spiral nebula; even several 
concentric rings might be formed. 


Ww e cannot suppose any nebula to have different bri; ohtness in 
of the same density: and neither is it reasonable to assume 
-h vast masses to be already shaped to a regular ellipsoid by 
the influence of the central f 
It isemuch more reasonable to think that the nebulous masses 
at first were of any shape—such as might result from a predom- 
inating attraction of those portions where the heaviest elements 
were formed or collected in greater abundance. Then the for- 
mulz deduced in the preceding paragraphs, though no longer 
representing the exact conditions of the nebula, still would con- 
tinue to be approximate; the angular velocity would still be 
atest near the central parts, as can also easily be shown di- 


t to 


orces (see 7). 


by considering the motion of each particle as subj c 

actions of all the others. Then the part ticles originally in 

a straight line would still in time form a spi 

So we see that a nebuia originally in the sh: ape of a light rec- 
tilinear cloud with a condensation near the middl sik ke a pa 
AB in fis 7,1, would after some time exhibit a spiral ] i » dar 

part in fig. 2. The nebulw, Herschel 1061, and 13: as seen 

by Lord Rosse,” have exactly such a form. ’ instead of having 


ra) 
Pal. 
} 
‘ 


the nucleus in the middle, the original nebula had been denser 
‘ 45 > 
near one extremity, like fig. 3, a simpk 5 > fig. 4 would 


be the resulting spiral nebula, as we see it in H. 827, H. 19 
Prof. G. P. Bond, Director of Harvard College Observatory, kindly sent me 
copies of a number of Rosse’s latest figures of spiral nebule—for which important 
service I here repeat my sincere thanks. 


2. 
Ne = = 
= 
= A 
=, >. 
3. 4 
\ 
| 
; 


144 G. Hinrichs on Planetolozy. 


etc. A nucleus with four branches of different density and 
magnitude would give a spiral nebula like the beautiful object, 
Messier 99. If each of tle two arms in figure 1 had been sub- 
divided into two branche s, H. 2084 would result. 

These few remarks must be sufficient at this place. We have 
already deduced forms as fanciful as H. 1196, H. 131, H. 1744, 
and others, from simple rectilinear forms, and we hope before 
long to discuss this theory more at length. We here merely in- 
tended to show that the forms revealed to us by the great tele- 
scope of Lord Rosse appear to be simple m ‘chanical consequen- 
ces of the nebular theory, if applied to very large neoule. 


$13. The Law of the Planetary Distances. 


The law of the planetary distances has not as yet been discov- 
ered, though it has been most diligently sought for as the prin- 
cipal element of the “ Harmony of the Spheres,” The endeavors 

of Plato were 1n Vain, ana NKwepiler at last ascended to the truth 
that the present aistances are not exactiy the original ones, 
Titius, and after him Bode, came near it [§ 2, (1)]; but the de- 
viations from this law remained unaccounted for. thus not giving 
the conformation most essential to any law. 

oO find the le law of the planetary distances has been our 
aim for nearly t years; we hope the si juei Will prove that we 
at length have found the so 1 of this } lem in the follow: 
ing law: 

The mutual distances of 
of time. 

That this is a fact we will demo strate; but why these inter- 
vals were equal we are not yet able fully to see—still we know 
that this is the sin est way In which thi periodicity in the de- 
velopment of the nebula as found in § 10 can obt 

Deferring a thorough discussion of the earlier attempts, (some 
of which are almost contemporaneous with our own solution,) to 
some future opportunity, we will now give the tnductive reason 
ing which leads to our law above stated 

There are a tew well known laws in the evolution of the nebd- 
ula which embody the solution of the problem. We know that 
the planetary mas ire insignificant as compared with the solar 


to equal wlervais 


mass; hence we see that t rbits of the planets s mply mark 
the equatorial band of the condensing nebula at those definite 
periods when the radius of the nebula had diminished to the 
distance of the planct. Thus we see that planetary distances 
must be funet 2é, 

Or, if it be more plain, we may say that the original nebula, 
in contracting, left at certain intervals a fey particles behind to 
mark the limit of the nebula at those instants. But while con- 
densing, the uttermost particle of the nebula describes a spiral 


curve; anadll we < ind the relation Detween the distance ao! 
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this particle and the time /, we need only to substitute the different 
intervals corresponding to the formation of the different planets 
in order to obtain their distances. But as the evolution is regu- 
larly periodical (§ 10), it is most probable that these intervals are 
equal; comparison with observation shows tiis to be the case. 

But the motion of such a particle in so rare a nebula is regu- 
lated by the attraction of the whole nebula and the resistance of 
the ether. The first of these forces is inversely proportional to 
the square of the distance a, since the mass remains sensibly 
the same, and the particle is considered as on the equatorial sur- 
face of the nebula. In other words, the force of attraction on the 
particle is the same as the force of gravitation acting upon a 
planet. Resistance of the ether will necessarily follow the same 
law, whether a single particle or a planet be subject to it. But 
then our analysis* of the motion of a planet toward the sun is 
directly applicable to the motion of the superfici ial particle in its 
fall toward the center of the nebula. Formula (10) of that ar- 
ticle shows the distance a (radius of the nebula) to be 

where A is the original distance (or radius of the nebula) and ¢ 
the time of falling from A to a. Or, if a; represent the distance 
of the planet that separated from the principal nebula at a time ¢ 
earlier than the now nearest planet—i. e. the age of the planet as 
counted from Mercury,—the above (35) becomes 


where # and y are constants. But in the analysis leading to (35) 
the coéfficient » of resistance 
3 0 
(37) 


has been considered constant; here we cannot do so, for though 
the density 5 of the ether and the radius ¢ of the particle may 
be considered constant, the density 4 of the particle varies very 
much, about inversely as the cube of the radius of the (homo- 
geneous) nebula. If, therefore, »’ be the value of » correspond- 
ing to the particle at the distance 30°0 of Neptune, »’”’ the same 
at the distance 0-4 of Mercury, we have for a homogeneous 
nebula 
= (-4)5: (30°0)% = 1 : 422000 


nearly. If 5 increases toward the center this proportion would 
be diminished; but still we see that » decreases toward the inte- 
rior. T he formula (36) can therefore only express the principal 
part of the law; how (36) has to be amended in order to take 


* On the Density, Rotation and relative Age of the Planets. This Journal, 1864, 
[2], xxxvii, 36. 
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of its mass, the latter on account of its high age (see this Jour- 
nal, vol. xxxvil, p. 41). Before the precise influence of resist- 
ance was known, these deviations were considered sufficient cause 
to reject the law of ‘Titius-Bode; but now these very deviations 
have become essential supports of the truth of that law. 
Another and better test of our law Jn 8), and of the constants 
of Bode (89), is obtained by directly solving (39) for the age ¢ 


log (a— 40) — log 15 3 
and seeing how far ¢ is given by the series 0, 1,2... We thus find 
Planet. Age. too small. 
Mercury, imag. 
Venus, 1:1066 — 
Earth, 2:0000 "0000 
Mars, 2:9056 +094 
Asteroids 72 - 3°890 
Jupiter, 5'0001 000 
Saturn, 59264 +073 
Uranus, - ‘9683 
Neptune, - - - - 6230 
From this table we see that the age of the planets above that 
f Mercury is as the series of natural numbers, the deviations not 
nal being but small, but just such as influence of the mass would 
make them. This may be easily proved by the formula con- 
tained in the article on the age of the planets before referred to. 
If the present age of Mercury be 2, then the age of the inte- 


6. 
rior planets will be to that of the exterior ones as m +7 is to 
26 


m+ 7 or as Im+8to2m+418. We found this ratio as 1 to 


3 (this Journal, vol. xxxvii, p. 48); if true it would follow that 
m= 1, or the total age of any planet would be t + 1, the unit being 
the age of Me ercury. 

= r having seen that (38), the modified form of (36), is ap- 
plicable to the ‘planets ry distances, we will demonstrate that this 
modification is consistent with the signification of ¢, the time. 

If the resistance R be proportional to the velocity w, or 


we have the tangential force (this Jounl, vol, xxxvii, p. 40) 


dé 


=—R cos ere (42) 


where ris the radius vector, and 9 the anomaly; but Kepler's 
second law gives 
dé 


¢ 
dé 
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so that (43) becomes 


giving for ¥ constant. 


e= C.e 


or, since by Kepler’s third law 
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Equating (53) and (54), and solving for /(), we find, 
2ut 
or, by (54), ones 
NG 

But Kepler’s third law gives «=a.v? (this Journal, vol. 

XXXVil, p. 38, note); hence 
ver, 

consequently, by (49), r and a being now the same again, 


” 


g(t) = va-, 
a 
or (48), cos 7 being almost equal] to one, the orbit being nearly 
v 
ad 


Thus we see that (36) becomes (38) if the resistance R, instead 
of being simply proportional to the velocity (41), is varying ac- 
cording to (59), which may be comprehended in (41) by taking 
the factor » to decrease from »(a= 2) to 0(a=2) according to 


a 


This variation of the coefficient of resistance is conformable to 
(37), since 4, according to (16) (then 4), increases as a decreases. 


t 
is, therefore, but an amplification of 


in the latter the coefficient of resistance 7s constant, in the former 
it varies according to (60). As now (60) is real, (54) or what is 
the same (38) is the real Jaw of the planetary distances, ¢ contin- 
uing to represent the age, and not, as in Bode’s law, a mere in- 
dex. And as now finally (38), applied to the actual distances, gives 
values for t that are very nearly as the natural numbers, our law, 
announced above, holds true, that the planetary distances correspond 
to equal intervals of time; or the consecutive planets were abandoned 
at egual intervals of time. 

There remain yet two remarkable consequences to be drawn 
from this exponential law of the planetary distances. If in (88) 
it is sufficiently great (i. e. the corresponding planet far from the 
center) to make the first term insignificant as compared to the 
second, we have approximatively 


hence 
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ArT. XIX.—Pertodic action of Water ; by Louis NICKERSON. 
In reading, some weeks ago, the article by Prof. Loomis, on 
vibrations of water flowing over a dam, I was somewhat 

1 at the idea of deriving the peculiar motion from a for- 

ur} rised, because, howe ver 


as a column of air; sg 

air might effect, by reaction, after the action had com- 

menced, the perturbations of a liquid, in whatever state of mo- 

tion it may exist, have always been so connected with periodic 

action as to have given use to the name of its most common at- 

wave,” as the characteristic title of nearly all 

ion, Without an attempt to discuss the question 

listinguished gentleman engaged, I shall endeavor to 

he manner in which the vibrations may be considered 
esult of a wave peculiarly circumstanced. 

one day upon the bank of a large river in the 

was a strong ripple, supposed by the people 

» been caused by the lodgement of snags upon the 

The sound from it was much louder than the roar of 

then in a state of freshet, and itself uproarious. 

was a cadence in it, an easily distinguished division 

ilar periods, which induced an inclination to pause and 


My position was just upon the middle of an are, which 
in” f the bank had indented, each point of the 

k of the river toward the 

ing in the greatest projec- 

1C¢ a crescent, quartering 

its back down-stream-ward. Now a 

the main current of the river, striking this lower 

1 inward as though to make a whirl within the 

| r and up 

ff from the main 

along shore, and 

face ot the 

1d. ] OD +h other back, as though 
riving for the mastery of the crescent. For an instant there is 
ium. Both currents at the place of meeting rise ram- 

o waves: both seem to receive reinforcements. They 


lly matched, but the upper current 


Supposed to be equally matched, vu ) 


‘s the most water. [or another instant they stand poised 


\ 


ppos d. and then the wy per rushes, brokén, but conqu ring, 
vn over the surface of the other. Carrying off, however, not 
iperabundance, but dragging along a little more water, 

lower current quickly regains its ascendency, driv- 


yper back to be again checked and again overpowered, 


| 
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Afterward, I watched this place for hours at a time, unfor- 
tunately without timing, bu t with s listinct and definite a 
feeling of the regularity he periods, that it was easy to esti- 
mate in the mind the exact period when, equilibrium having 
been attained, 1 wer water ild start sudd ily back and 
the accumulated from above rush over it, always dragging 
a sufficient extra quantity of water from the upper current to 
give for a til t snden t he lower. ‘The space thus 
fought ove 

But mill-dams e cert \ it in Ist toi ituation. The 
permanent weir 0} es no +h active resistance as the elastic 
and moving weil st d ed, ts c \cteristic is passive 
resistance. Must we the k to it for continuous action? 
I take it to be t 

Ist. That a ce n quant ‘ of water arrives at the pool, and 
is all passed over the weir in the end, | n periods. 

2d. That the « tity } sea between pol its, 1S, at the 
lesser points « locity, of ter transverse section. This is 
obvious. 

3d. That ement of y t 1 ponding incre- 
ment of sectiot sreater a rly under the point of 
greatest de} es \ amplitude. 

4th. That outside « th tream tne po made ip of water 
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Now we may e? e curve of hydraulic amplitude and 
its changes. ror vet iorm la Ol ‘rmanent motion; 
which, though t exact, IS icient } act ISTIC, as derived 
from Weisba 


when 
tween a and a,. 
a vinal stream = depth of dam or known point. 
tl 
al= 
v= Veilocit' 
The form of 
all hydraul 


totic to the 


sine of the orig surface be 1es equal to -.— and there- 


fore equal to sin e’ of a trans : section of the pool; a—a,=9, 


| above that when 


L. Nickerson on the Periodic action of Water. 


or the pool is simply a continuation of the stream, and if 


29 
becomes equal to =, or the height due to velocity becomes equal 


to one-half the depth, both of the original stream, then a-—a,=2, 
a case which we shall examine more hereafter. We know that 
when the pool is first filled and the water is just on the point of 
flowing over the dam, the surface is horizontal, and we call it 
the hydrostatic amplitude. It is moreover true, that when the 
flowage commences and the hydraulic amplitude obtains, there 
is a stream otf water passing th rous oh the pool, various in its 
velocities, and with a sheath of water, differently circumstanced, 
around it, which it in some way atlec cts. We have also the ad- 
mitted law, (Weisbach, vol. 1, art. : D’Aubinson, art. 54), 
that when any stream of liquid is in motion in any direction, its 
pressure in all other directions is equal to its hydrostatic press- 
ure, less the pressure in the direction of its motion, and generally, 
that when a liquid in motion is made to pass through a liquid of 
less velocity, a part of the latter is dragged along by its greater 
lateral pressure, and passes off with the stream. In 1797 the 
engineer Venturi applied this principle successfully to the drain- 
age of public lands. (Ewbank’s Hydr: wulics, p. £78.) 

In a pool fed at one point and yiel ling up the water at an- 
other, such as a mill-pond , this state of affairs practically obtains: 
that there is first a ei of water running some distance into 
the remou, and another passing out; in long dams only near 
the ends, perhaps, but in those of ordinary size throughout the 
whole length. This stream comes in contact with and passes 
hrough walls of partly quiescent water, not only that of the 
dead angles, 3 also of superimposition. Tor, says the engineer 
D’Aubinson, “ moreover, the water of flowage seem only to be 
superimposed es the current, and not to participate w holly 
in its motion. The engineers who tock the levels upon the 
Weser have observed, at a distance of 53884 feet from the dam, 
that the velocity of the surface was nearly insensible, whilst that 
at the bottom was quite strong.” 

We have now the fact that a stream is running through water 
much more nearly at rest, and that owing to the difference of pres- 
sure, some of the slower water must be dragged along in the 
course of the faster, in quantity and force v arying as the differ- 
ence of lateral pressure. We must remember ‘that as in the end 
the weir can only pass over the same amount of water as it has 
received from the upper end, i. e., the water of the current, there 
must, then, be a periodic lull until the deficiency caused by this 
dragging action has been replace l, 

It might readily appear that, as s the veloc ity may be come less 
from the interior of the stream to the outside, this might oceur 
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r that point, the difference a,—a, should show the fluctua- 
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P 
when sina e 1t 1s so by the law of the formula =sin a’ 
ao 2 
; hieh +) member s] 
of that transvers yn or which the second member shows the 
resistan therefo1 
1 
+] 4 +] f° } 
thereiore the velocity of t poo the velocity of the stream, 
and tl! ine sa parallel line with the bed: 
for a,—a 0, ther S as in original 
ream. JJ ( rence of pressure and no 


SUriace yecomes l l 
2 
tnere TeSIStance 
sno a periodic or « 
So we see that the two } 
( i ame Wi nt I 
t a ut nu re l 
] + 
and with its riace a eal 
Ot the original stream: and agall 
to make the difference between t 
1] 
yressures very small Ur course 
scr i Dy the inertia of a 
+ + ] 
S bi naencyv to SOrp 
Initat 
most vi it palpit tl 
= ii 
eing anew quanti to be 
4 
{ 7 
\gain, if we p l, o1 
i 
1 t i i 
a d 


Certainly nature admits no sucl 


24) 
fact beautifully follows fi 


. 1 
velocity ofr the origina! stream 1s 
the same, the back water no 


stream becomes equal to one-half 


n dliierences as this. 


is no velocity, no iowage 


s at which the vibrations 

S ciently hi rh to low over 
a stream l ndammed, 
rrespo! ling with the surface 
1 when the water is so low as 
he hydrostatic and hydraulic 
these limits are much circum- 
body of water which has econ- 


soiten these vibrations. ihe 


1 the height 


] 


Yet, the 
that when the h« ight due the 
] 


equal to one half the depth of 


nger retains the concave form, 


but, tending to rise infinitely, is checked by the action of gravity, 
falls backward upon the original stream, and tends to form a 
convex wave, with a nearly horizontal surface at a height above 
th be 1 of about One and Oli S the hy rostat ight 
After this height becomes greater t f the depth, the wave 


J 
U In 1,—da U; and there 
whey 
a 
nad by a Knowledge or the 
Ol w ne 
j 
this, t 


is actually for 
bounds from 
law, and Bela 
The genera 
gather from 
just before or 


the lull that suc 


And the tim 


two velocities ¢ 


the time of 
through the 


locity of differ 


observed. 
water to 
Own mean vi 
and consequ 
remou. Tot 
The actio: 
mou, similar t 
the first part of 
into the pool, 
perhaps anot! 
for a pract 
tions, I am « 
ation into ¢] 
Ist, Wen 
small when 


them: theref 


ning over the d: 


or nearly. 
2d, The sat 
the stream ret 
the sine = sil 
with the bed: 
the bed beco 


’ After the | 
surface of a po 
begins to flow o1 
and horizontal f 
distance from tl 
given in this ] 
is called the | 
tion or irregulari 
having been caref 
the deductions of 
the form or nat 
state of motion 


ng dependent 
of a f 


of Water. 


le flows to and re- 


discovered this 


‘tion we may 
of the remou, 
beginning of 


vibration. 
+h water fal 

lue to the ve- 

the time 

he quick 

r into its 

drawn, 


r of this in 

» stream runs 
s there, and 
ms at the weir. 
nt the vibra- 
1 exXamin- 


practically 
to absort 
water run- 


d sin «e=0 


rwater, or 

ining when 

mes parallel 


1 as to make 


h bounds the 
id the water 
n its straight 
2 at some 

the eq lation 
stream It 


changes every altera- 
ity or resistance, and 


as a touchstone to 
upon 
] fluids in a 


Nickerson on the Periodic action 
t of the stream. Bidone 
a s due to the 
{ 
Vi LUC 
| n of a re- 


F. B. Meek on the Carboniferous Rocks, &c. 157 


Art. XX.—Remarks on the Carboniferous and Cretaceous Rocks of 
Eastern Kansas and Nebraska, and their relations to those of the 
adjacent States, and other localities farther eastward ; in connec- 
tion with a review of a paper rece nily published on this sulject by 
M. Jules Marcou,' in the Bulletin of the Geological Society of 
France: by F. B. MEEK. 


It is doubtless known to most of the readers of this Journal, 
that other explorers have long differed from Mr. Marcon, in re- 
gard to several important points in the geology of the Western 
States and Territories. During the autumn of 1863, it seems that 
he made an excursion to the West for the purpose of examining 
some of the localities in Nebraska respecting which he and others 
could not agree. While making these examinations, he was ac- 
companied by Professor C apellini, an able Italian geologist from 
Bologna; but, as Mr. Marcou distinctly states that the views set 
forth in his paper are entirely his own, and that Prof. Capellini 
may have arrived at very different conclusions, it is due to the 
latter gentleman, that the geologists and amateur collectors fami- 
liar with western geology, who may read this review, should be 
informed that he is in no way responsible for any of the opin- 
ions expressed by Mr. Marcou. 

Geological observations made by rail-road or steamboat travel 
being necessarily disconnected, Mr. Marcou’s remarks, in the paper 
under review, so far as based upon personal examinations, relate to 
few isolated points a along the shores of that part of the Missouri riv- 
erascended by him, and lying between St. Joseph, Missouri, and 
Sioux City, lowa. By a glance at a map of the West, it will be 
seen that the distance between these two points, by an air line, is 
about two hundred miles; and that this part of the river forms 
the eastern boundary line of the new Territory of Nebraska, con- 
sisting of a portion of the southeast corner of a vast area for- 
merly known by the general name of Nebraska Territory. 

The first points at which Mr. Marcou seems to have touched, 
after taking steamboat at St. Joseph, were near Savannah, and 
in the vicinity of Iowa-point, where he saw outcrops of rock 
some sixty feet in thickness, consisting of bluish-gray clays, with 
intercalated layers of gray limestone, all showing a slight inclina- 
tion of 8° or 4° ina W.N.W. direction. He says that he made 
no collections here, but that he saw Productus and Terebratula, 
showing it to be Carboniferous. (To this formation it had been 
referred by all others.)* 

* Une reconnoissance geologique du Nebraska; par M. Jules Marcou. Bulletin 
Geol. Soc, France; xxi, 132-147, January, 1864. 

* It is worthy of note here that Dr. Owen collected at this locality species which 


he referred to Nautilus tuberculatus, Productus Cora, Spirifer fasciger, Terebratula 
plano-sulcata, and Orthis Umbraculum. (Report lowa, Wiscon., and Minn, 135.) The 
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At another locality farther up the river, in the region of Ne- 
braska City, he saw various exposures of rock, from which he 
constructed a section embracing some seventy feet of strata, con- 
sisting of reddish, gray, greenish and black clays, with a six 
inch seam of cannel-c oal, and int ercalated layers ot light-colored 
dolomitic limestone, and toward the top a thin bed of sandstone 
containing numerous fragments of plants, some of which he 
thought like Z tesand Walchia nls, to him, 
showing a general inclination of only 5° to 7° to the N.N.W. 
These beds, he says, agree in color and other lithological charac: 
ters with the Lower Trias of e, yas Of him,) to which hori- 
zon he refers them, and differ from the subjacent Carboniferous 
strata upon which they repose, according to him, unconformably, 
(sur lequel elles reposent en discordance de str atification). He 
does not, however, stat né anywhere sav the jt inction of these 
supposed two system ata, nor does he explain exactly the 


nature of the discordance of ‘atifics n. But we infer that 
he alludes to the fa ie Carboniferous beds showing at one 
place a slight inclination of ; to the W.N.W.: and siml- 


larly slight inelination of thes called ee Dyassic” rocks, of 5° to 
7° to the N.N.W.. at another. 

Geologists familiar with the numerous local undulations of 
strata in the west, ere they often lie so nearly horizontal] that 
their general inclination can only be distinguished from these 
local undulations by ea eft »bservations over considerable areas, 
will know how to: clate such evidence as this. The im- 
probability too (though within the range of possibilities) of a 
newer rock dipping at a higher angle than that upon which it 
reposes, and in a different direction, when the inferior rock is so 
nearly in its original izontal position, will be apparent. 

But from these rocks Mr ‘Ma ircou collected a number of fossils, 
which should clear up all doubts in regard to their age. These 
consist of the following forms, as identified by him, viz:—Nau- 
tilus, Pleurotomaria, Murchisonia, Bellerophon, Panopeea, Edmondia, 
Avicula, Mo An , Myalina, Bakevellia, Pecten, Lima, Or- 
this, Productu: tttenvanus, Productus, (undt.) . Chonetes mucro- 
nata, Spirifer (Martinia) Clannyanus, Spirifer (undt.), Terebratula 
shell he always referred ito Spirifer fasciger, is now well known to be S. cameratus 
Morton, and that which he called Productus Cora, is the P eguicostatus Shumard, 
two of the most common and characteristic species of our Western Coal-measures. 

The species of so-called Zerebratula, mentioned t y Mr. Marcou, is most probably 
Athyris (or Spirigera) subtilita Hall, as 5 th at shell is known to occur there, and at 
nearly all other places in the same rock, while Mr. Marcou hab jitually calls it 7! sub- 
tilita. 

> It shouk A be rememberod that these identifications are not given on the author- 
ity of Prof. lini, whose opinion on such a question would have been worthy of 
eledien 2 am also gratified to see that, since 7. lis gentleman’s return to Eu- 
rope, he has published a work at Bologna, in which he says that he dissents from 
Mr. Marcou in regard to the age of the rocks at this locali ty, and thinks that the 
fossils he saw are more like Carboniferous forms 
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near 7. subtilita, some small Corals, or Bryozoa, an Apiocrinus, 
and a Crinoid near Encrinus moniliformis. 

That Mr. Marcou may have collected or seen, at Nebraska City, 
specimens he honestly believes to belong to all the genera and spe- 
cies mentioned by him, and that he did find some of these forms 
there, the writer is fully prepared to understand from a care- 
ful personal study of the same beds and their characteristic 
fossils at numerous localities in Kansas and Nebraska, as well 
as from familiarity with collections from that and other localities 
in the immediate vicinity. For instance, he knows that Cho- 
netes mucronata Meck and Hayden, Productus Prattenianus Nor- 
wood, Spirigera subtilita Hall, Spirifer (Martinia) planoconverus 
Shumard, Spiri/er cameratus Morton, Myalina perattenuata, Pleu- 
rophorus occidentalis and Sedgwickia? concava M. & H.,* together 
with species of Aviculopecten, and one of those forms belonging to 
the same group as the so-called Monotis speluncaria of authors, 
(genus Humicrotis Meek,) occur there. Dr. Owen also found at this 
locality (called Fort Kearney in his Report, there being no town 
there at the time of his visit), in the highest bed of limestone, 

roductus costatus, P. Flemingit, and great numbers of 
cylindrica, The shell referred by Mr. Marcou to Spirifer Clan- 
nyanus is beyond any reasonable doubt the same called S. plano- 
convecus by Dr. Shumard, since it is known to occur there and 
at numerous other localities in the same beds and far below; 
while it is scarcely distinguishable from S. Clannyanus. It is, how- 
ever, quite as nearly allied to, if not really identical with, the 
well-known Carboniferous species S. Urii. Indeed, specimens of 
this shell sent to Mr. Davidson from the Coal-measures of IIli- 
nois (where it has received from Mr. McChesney the name Am- 
boceelia gemmula) were pronounced by him undistinguishable 
from British specimens of S. Urii. Good wood-cuts of the same 
shell, from Kansas, sent to Mr. Salter of London for comparison, 
within the past year, were also referred to S. Urit. 

Now these species, that is, /usulina cylindrica, Chonetes mucro- 
nata, Productus Pratlenianus, Productus costalus, F lemingit, 
Spirigera subtilita, Spirifer planoconvexus (or Urii), and Spirifer 
cameratus are the most common and characteristic forms of 
the Coal-measures of Kansas and Nebraska, Northern Missouri 
and Western Iowa, in the very beds which, it will be seen, Mr. 
Marcou refers to the Subcarboniferous. They are also there 
found in the Coal-measures associated with species of Nautilus, 
Bellerophon, Pleurotomaria, Murchisonia, Edmondia, A viculopec- 
ten, Monotis, (so-called), and, especially in Kansas, Nebraska, 
and northwestern Missouri, with a form so nearly like Panopea 

* In describing the latter three species, the writer and Dr. H. thought the bed 
from which they were obtained might be Permian; but on afterward uscertaining 
that these shells are there and elsewhere associated with numerous well marked 
Coal-measure forms, they were satisfied that it does not belong to the Permian. 
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as to readily deceive more skillful paleontologists than Mr. 
Marcou professes to be.' 

The name Ancella, in Mr. Marcou’s list of Nebraska City fos- 
sils, is doubtless a mis-print of Aucella, there being no such name 
as Ancella known to the writer in Paleontology or recent Zoology. 
As some authors refer such forms as the so-called Monotis spelun- 
carta to Aucella, it is probably one of these, which are common 
in the Coal-measures and Permian rocks of Kansas and Ne- 
braska, to which he alludes. That he found here associated with 
all the Carboniferous fossils known to occur at this locality, the 
Jurassic gener: ucella {as illustrated and defined by Count 
Keyserling) and Apiocrinites, paleontologists may be pardoned 
for hesitating to : it. 

In regard to Encrinus, the writer would remark that he has 
now before him from the Coal-measure outcrop at Bellevue, 
Nebraska, (referred to the Subcarboniferous by Mr. Marcon, as 
will be seen farther on,) the cup of a Crinoid, which in form 
and the arrangement of its plates, up to the summit of the first 
radials, as well as in the articulating surfaces for the reception 
of the succeeding range pieces, seems to agree exactly with 
the correspond part genus Encrinus. None of the 
other parts, excepting as detache have ever been seen 
by the writer. T 
beyond all doubt the > genus, occurs in the Coal-measures of 
Illinois; and separate plate f the same are not uncommon 
through nearly all the Coal-measures of Kansas and Nebraska. 
That a Crinoid with such a cup may be expected to be found 
nearly related to Encrinus, it is quite reasonable to suppose ; but 
even if it should be found in all respects undistineuishable from 
that genus, wo | therefor phi ophiecal to refer these 
beds at Nebraska City, and the Coal-measures of Illinois (placed 
by Mr. Marcou in the Subcarboniferous) with their great num- 
bers of Carboniferous f ls, in the rmian, or the Dyas as he 
prefers to call it? not, then all the arguments ased upon the 


6 


presence of this Crinoid, at Nebraska City, fall to the ground 

Mr. Mareou lays gre: ss upon the fact that the Crinoids 
found by him at Nebraska City differ entirely from the numer- 
ous American Carboniferous forms hitherto made known. He 
perhaps forgets that nearly all our Carboniferous species, yet de- 
scribed or illustrated, have come from theS i.bearboniferous depos- 
its fur below the Coal-measures. Some species, however, are 
known from our Coal-measures, and the fragments of a number of 

* The type here alluded to is a widely aping, edentulous, very thin shell, trun- 
cated behind, and, when well preserved, covered with minute granules. In short, it, 
is the type of a new genus related to _A sma, to which the writer has applied the 
name. Chenomya, in a work now in the press, The ty pical species, Allorisma ? Leav- 
enworthensis Meek and Hayden, occurs in the Coal-measures at Leavenworth City, 
Kansas, and others range much higher in the same series 

* See note at the end of this paper 
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others have been seen, all of which differ widely from those 
known from the great Subcarboniferous limestones below the 
horizon of the Millstone grit. 

The next locality examined by Mr. Marcou is at the village of 
Plattesmouth, some fifty miles farther up the Missouri by an air- 
line. Here he saw another exposure of rocks, some forty-five 
to fifty feet in thickness, composed of grayish and dark colored 
clays, in places streaked with red, together with a six-foot stra- 
tum of yellowish dolomitic limestone; all of which he says 
agree lithologically with the Lower eo of France and Ger- 
many—Permian of authors, (= Dyas of him), to which horizon 
he refers them. As these ‘at however, differ somewhat in 
color and composition from those seen at Nebraska City, he 
thinks they belong to another and lower division of the so- called 
Dyas, which, as its name implies, consists of two divisions in 
Europe, and consequently must be expcetde to present the same 
feature in this country. 

Here too he collected a number of fossils, which, according to 
him, eminently represent a Lower New Red, or Dyassic, Fauna, 
though he at the saine time admits that these fossils are very like 
Carboniferous types. But, to let the fossils speak for the mselves, 
through Mr. Marcou, they were Chonetes mucronata, Pi oductus 
Calhountanus, Spirifer Clannyanus, Terebratula [Spirigera] sub- 
tilita, T. Mormonii, Spirifer (undt.), Fusulina cylindrica, together 
with (from an upper bed) AMonotis, Avicula and Pecten. 

We may also add that Dr. Owen collected here from these beds 
specimens he referred to Fusulina cylindrica, Productus semiretic- 
ulatr:s, P. carbonarius, P. longispinus, Orthis Umbraculum, Spir- 
ifer fasciger (?), Chonetes semiovalis, Allorisma sulcata, some Corals, 
and a small undetermined Spirifer. (Report Geol., Iowa, Wisc., 
and Minn., 1388.) 

Now Choneles mucronata of Meek and Hayden was found in 
Kansas, ranging through a great thickness of Coal-measures, 
and the type specimens upon which this species was founded 
were collected at Fort Riley nearly, two hundred feet below the 
lowest well marked Permian beds. This was the highest posi- 
tion at which they met with this fossi!, after careful examina- 
tions of hundreds of exposures; and at this place it was found 
directly associated with a shark tooth which Prof. Leidy at 
once recognized as the same he had described from the Coal- 
measures of the Alleghany Mountains, Pennsylvania, under 
the name Petalodus Alleghaniensis. (See Meek & Hayden's paper, 
Proceed. Acad. Sci. Philad., Jan., 1859, p. 17.) 

As already explained, the species referred by Mr. Marcou to 
Spirifer ( lannyanus is the S. plano-converus Shumard, which was 
originally described from this very locality. Spirigera subtilita 
all know to be a common characteristic Coal-measure species, 
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from Western Pennsylvania to the Rocky Mountains, and from 
Nebraska and New Mexico. Mr. Marco figures it himself, 
under the name Zerebratula subtilila, in his Geology of North 
America, even as 2 Mountain Limestone species, from Utah and 
New Mexico. sé d Zerebratula Mormonii, is a Relzia, 
dedicated by him t le - Day . from the fact that 
he first found it at their Capital City. It is worthy of note, 
however, that he figures and describ t as a Mountain Lime- 
stone species in the work just | ioned. So it would seem 
this little shell, migrating eastward, obtained a long lease 
of life, since it here t irn p, according t the same authority, 
in the so-called Dyas. The identity of the fossil is not questioned ; 
indeed the writer and 2 Wer: long sinee identified it, 
ranging through a great thickness of Coal-measures in Kansas, 
and northwestern Missouri, ' ble point is, that it should 
be in Utah a Mountain s, and here at Plattes- 
mouth, part of an eminently characteristic Lower Triassic Fauna! 

The Prod lus ( (72a) lr Owallow, mentioned by Mr. 
Marcou, is the same referred by Owen to P. se vireticulatus, 
from which, if separable at all, it is certainly with difficulty dis- 
tinguished. Whether distinct or not, h vever, it is known, as 
stated by Prof. Swallow in describing it, to range far down 
through all e y Coal-measut Kansas and Missouri 
which Mr. Marcou refe the Mountain Limestone. The geo- 
logical position of ilina cylindrica, in this country has already 
been explained ‘oductus longispinus, P. carbonaria and Orthis 
Umbraculum, or at any rate spec o referred by Dr. Owen, and 
sometimes by others, are common to the Coal-measures and the 
Subcarboniferous beds in the West. The species always called 
Spirifer fasciger ? by Dr. Owen, a 1 in another place, is 
S. cameratus Morton he very specin f it figured by Owen 
was from the Plattesn t eality. is known to be every- 
where characteristic | neasures, from New Mexico to 
Nebraska, and fi i tern | 1D ania’ to the Rocky Moun- 
tains. 

The group of shells to which the name Monotis is often ap- 
plied in this country and England, and by some continental 
writers, (though generically distinct from the Triassic Monolis 
salinarius, the type of Monotis Bronn,) is usually regarded in 
Europe as a Permian type. tC IS well Known, however, to 
range through a great thickness of upper Coal-measures in 
Kansas and Northwestern ssourl, referred by Mr. Marcou to 
the Subcarboniferous. The names Avicula and Pecten are used 
so loosely by paleon rist it they may be said, as generally 
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understood, to range fr the s in t r existing seas. 
Now, how any geologist, hay x even a limited knowledge of 


American Carboniferous rocks and fossils, could regard a group 


pee Prof. R rt hg. 694 
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of forms such as those mentioned above from Plattesmouth, as 
eminently a Lower Triassic (or Dyassic) fauna, seems inconceiv- 
able, excepting upon the supposition that he labors under some 
kind of a hard mental twist or bias on the subject of determin- 
ing the age of rocks by their lithological characters. 

After disposing of the so-called Lower Dyassic rocks at Plattes- 
mouth, Mr. Marcou takes boat again, and ascends the Missouri 
some fifteen or more miles to Bellevue, north of the broad allu- 
vial valley of Platte river. Here he saw a small exposure of 
rocks, some fifteen feet in height above the river, composed of 
whitish and yellowish limestone, and pale blue clays, altogether 
presenting different lithological characters from the outcrops 
seen below the Platte, and according to this favorite test of his, 
belonging toa very different epoch, or in other words to the 
Subcarboniferous. 

Here he collected from the limestones, according to his identifi- 
cations, the following fossils, viz: —Productus Flemingii, P. semi- 
reticulatus, P. Cora, P. punctatus, P. scabriculus, P. pustulosus, P. 
pyxidiformis, Spirifer striatus, var. triplicatus Hall, S. Rocky-Mon- 
tanus, S. lineatus, Terebratula subtilita, T. plano-sulcata, T. Royssii, 
T. Utah, Myalina, Nautilus, and spines of Archwocidaris, 

It may be as well to add just here, that Dr. Owen gives the 
following list of fossils collected by him at this locality, viz: 
Fusulina cylindrica, Productus punctatus, P. Cora, P. costatus?, P. 
Flemingii, P. Humboldtii?, Spirtfer fasciger ?, Orthis Umbraculum, 
Terebratula plano-sulcata, and a Bellerophon near B. hiuleus, (Rept. 
Iowa, Wisc., and Minn., p. 1338). 

From the same outcrop, the writer has now before him (col- 
lected by Dr. Hayden) Productus costatus, or a common form of 
the western Coal-measures generally referred to that species, Pro- 
ductus Rogersit, together with the Coal-measure form usually called 
Productus punctatus, Spirigera subtilita, Ihynchonella Utah (= Tere- 
bratula Marcou), Terebratula bovidens Morton, (= 7! -millipune- 
tata Hall), Spirifer Kentuckensis, S. cameratus, an Allorisma, and 
the peculiar Hncrinus-like Crinoid already mentioned. 

As has been explained in another place, the shells from these 
rocks, referred by Owen and Mr. Marcou to Productus semireticu- 
latus and P. Cora, are the P. Calhounianus Swallow, and P. equi- 
costatus Shumard; and, whether distinct or not from the species 
first named, they are very common in our Western Coal-meas- 
ures. P. punctatus of their lists is P. tubulospinus of McChesney ; 
which is scarcely distinguishable from the punelatus. At any 
rate, it is, as remarked by McChesney, very common in the Coal- 
measures “throughout the Western States.” The same shell 
also occurs in the same position twenty-eight miles below Wheel- 
inz, in Ohio. P. scabriculus of Marcou’s list is, beyond reason- 
able doubt, the widely distributed Coal-measure species, P. Rog- 
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erstt of Norwood and Pratten, as it is known to occur there, and 
is figured by Mr. Marcou under the name P. scabriculus, in his 
N. Am. Geology. P. pustulosus of his list, judging from the fig- 
ure formerly given by him under that name, may be a variety 
of the ogersii. Spirijer striatus, var. alus fall, (= S. Jas- 
ciger of Owen’s list), is S. cameratus Morton, everywhere common 
in the Coal-measures, and unknown from any lower position. 
S. Rocky-Montanus Marcou, is unknown to the writer from any 
locality east of the Black Hills. S lineatus of Marcou’s list is 
undoubtedly the same shell called S perplexa OY McChesney. 
(Trans. Chicago Acad., 1). It is common in the upper Coal- 
measures of the West, being, as McChes ey correctly states, 
found “in the Upper Coal-measures, in almost every part of the 
country where rocks of that age exist.” It seems to differ from 
the Subcarboniferous species generally referred to dineatus mainly 
in being uniformly smaller erebratula plano-sulcata of Owen’s 
and Marcou’s lists is almo yon yubt the Ad/ yris orbicula- 
ris of McChesney; at any rate, that is the cies figured by Mr. 
Marcou in his North . ica ‘eology under the name Terebrat- 
ula plano-sulcata Phillips. may or may not be identical with 
Phillips’ species; but, as Mc ney correctly states, it occurs in 
“the Coal-measures, particularly the upper portion, extensively 
distributed in the West is doubtless the 
Spirigera generally referred to that species in the West, but de- 
scribed by McChesney as . rentis. Whether identical 
or not with the S. jsstv it ‘ommon Upper Coal-measure 
form, as remarked by McChesney erebratula Utah of Marcou is 
a Rhynchonella, and, as long since shown by the writer and Dr. 
Hayden, is a conimon c of the Retzia Mormonii, through 
all the Upper Coal-me: of Kat and Northwestern Mis- 


souri. Orthis Um ulum, more operly hynchus Umbra- 
culum, or at least the shell figured ler that name by Owen, is 
very common in the Coal-measures of Kansas, and ranges up 
to, if not into, the P 

Terebratula bovidens ton d ep fata Hall) first de- 
scribed from the Coal-me: s of Ohio, is a very common spe- 
cies in rocks of that age in the West, and unknown in any lower 
position. ‘I'he same may also be s: f Spiriferina Kentuckensis 
Shumard. 

So we have here a group of fossils which any geologist, or 
mere amateur collector, acquainted with the forms characterizing 
our Carboniferous and Subcarboniferous rocks of the Mississippl 
valley, would at once, and without a moment’s hesitation or 
doubt, refer to the Coal-measures. Some few of them are such as 
appear to be common to the Coal-measures and Subcarboniferous 
rocks, or are supposed to be, but all the others are wholly un- 
known below the horizon of the Millstone grit. 
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Again, it should be remembered that, of the foregoing lists, 
Fusulina cylindrica, the Encrinus-like Crinoid, Spirigera subtilia, 
Productus semireticulatus, (or Calhounianus), Productus costatus, 
P. Flemingii, (= longispinus), Spirifer cameratus, and Orthis Um- 
braculum, all likewise occur at the very localities, and in the 
very beds, referred by Mr. Marcou to the so-called Upper and 
Lower Dyas. It may also be added that, in the interior of Kan- 
sas, as well as at some places in Nebraska and Iowa, all the other 
Bellevue species occur in the very beds called Lower Dyas at 
Plattesmouth, and some of them, particularly in Kansas, in 
much higher positions. 

In short, all the rocks seen by Mr. Marcou on the Missouri, 
from St. Joseph to the Cretaceous above Bellevue, belong to one 
unbroken series of Upper Coal-measures, as was first shi wn by 
Prof. Swallow; with possibly the exception of some of the high- 
est out-crops near Nebraska City, where there is a downward un- 
dulation, that may have left portions of the Permian on the 
higher parts of the country. The few little isolated sections 
seen by him constitute but a mere fractional portion of this 
series; while his reference of these several outcrops to such 
widely different epochs, and his supposition that the beds he calls 
Mountain Limestone, form island-like masses, between those he 
refers to the Permian or so-called Dyas, were deposited uncon- 
formably, however honestly believed by him, may be all set down 
as purely imaginary. If he had gone out into the interior, where 
this series is much more extensively developed, and followed 
carefully up the smaller streams, he would have seen exactly the 
same beds he at one place calls Subcarboniferous, and at oth- 
ers Upper and Lower Dyas, with intermediate strata, all follow- 
ing each other in regular succession without the slightest phy- 
sical or paleontological break. He might there also, by the 
same method of examining isolated sections, and applying 
the same lithological tests, and loose interpretation of fossil evi- 
dence, have found material enough to divide the so-called Dyas 
into twenty, or as many more, subdivisions as he pleased. 

In 1859, the writer and Dr. Hayden, who were dircetly inter- 
ested in the Permian discovery, and naturally desired, and confi- 
dently expected, to find somewhere a break between the Permian 
and Carboniferous rocks of that region, spent more than a month 
in traversing hundreds of miles of the districts in Kansas where 
these rocks are best developed. They did not hurry from point 
to point, but followed up the valleys of the streams on horse- 
back, with a camping party, provided with a wagon and team 
for the transportation of supplies, specimens, &c. Yet, after care- 
fully examining the various beds and seams, inch by inch, collect- 
ing all the fossils they could find, and carefully keeping separate 
those from the different strata and seams, they completely satisfied 

Am. Jour. Sc1.—Seconp Sgeriges, VOL. XXXIX, No. 116.—Makcu, 1866. 
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themselves that there is no where in the whole series any break 
indicating a marked change of physical conditions. They found, 
it is true, alternations of clays, limestones, shales, s: andstones, Xe., 
but all resting conformably one upon another, and inseparat sly 
linked together by » shale organic remains. Starting from Leaven- 
worth City on the Missouri, where the same Coal-measure rocks 
which Mr. Marcou will insist belong, in Iowa, Missouri and IIli- 
nois, to the Mountain Limestone, occur characterized by such 
fossils as Fusulina cylin lrica, Spirife r cameratus, Ss. plano-con- 
vexus, (= Clannyanus, of Mr. M: —_— lists), Productus costatus, 
P. semireticulaius, P. punctatus, P. ¢ status, (or at any rate 
the forms usually so-called in the We est), P. Rogersii, Spirigera 
subtilita, Terebratula bovidens, Retzia Mormonii, Rhynchonella Utah, 
&c., (but even here also containing a species belonging to the 
same genus, and near the so-called Monotis speluncaria),—they 
continued their researches through the succeeding strata to the 
Permian in the interior. Throngh a great thickness of these 
rocks, they found the Coal-measure fossils persistent and abund- 
ant, but occasionally associated with a Permian type.” The 
higher they asc led in the series, the greater was the propor- 


tion of Permian 71 es observed, while the Carboniferous types 
gradually disay red | at last, above a certain horizon, and 


near the upper p irt of the series, only Permian forms were met 
with, with the exception of the ubiquitous Spirigera subtilita, or 
v—— that could not be distinguished from it. (See this Jour- 


nal, [2], xxvii, 424, 186 19; Proveed. Acad. Nat. Sci. Philad., Jan. 
1859, p. 8; Dr. Ne y's Teept. Geol., Ives’ Colorado Kxped., p. 
112, &c.) 

One of the most remarkable opinions, however, set forth ir 
the paper under review, respecting these rocks is, that all the 
Coal-measures of Northern Missouri, and of Iowa and Illinois, 
belong, not as supposed by all others, to the horizon of the true 
Coal-measures of Europe, but to the Mountain Limestone series. 
He also thinks that possibly the Coal-measures of Indiana, Ohio 
and Michigan, and a part of those of “one: gaan Virginia and 
Kentucky, may belong to this lower horizon. 

That beds of coal occur in the lower part of the Millstone 
grit in Pennsylvania, Western Virginia, portions of Kentucky, 
Tennessee and Arkansas, precisely asin England (seea paper by 
Messrs. Hull & (sre en, Vu wre. Jour Ceol. S ., L ynd., Mar., 1864, 
p- mat Se e in the western part of Arkansas a great thick- 
ness of shale, sandston: », &c., above the conglome rate, 1S believed 

* A considerable thickness of these intermediate rocks were included by Prof. 


} 


Swallow in the Permian. The writer and Dr. Hayden, although satisfied that this 
intermediate series was not separable by any visible break from the Carboniferous 
below, or the Permian above, thought that it might is convenient to designate it as 
Permo-Carboniferous 
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to be barren of coal—are well known facts. But to maintain 
that the Coal-measures of Northern Missouri, Iowa and Illinois 
belong to this or any lower horizon, to say nothing of those of 
the other States mentioned, beneath which the Millstone grit is 
so well developed, is to state a proposition the fallacy of which 
is manifest to all who have studied these rocks with, even a mod- 
erate degree of care. In the first place, the whole physical 
structure of our Carboniferous system, and its relations to the 
Devonian below, and the Permian above, show at once that the 
Coal-measures of the Mississippi valley occupy precisely the 
same horizon as those of Europe. Here, as there, we have first, 
above the Devonian, the Subcarboniferous or Mountain Lime- 
stone group; then the Millstone grit, and above the latter the 
regular Coal-measures, which in Kansas, shade gradually upward 
into the Permian. The existence of the extensively developed 
regular Coal-measures above the Millstone grit in Pennsylva- 
nia, Western Virginia, Ohio, Kentucky, Tennessee, Indiana, and 
Southern Illinois, are facts so well known as scarcely to need 
mentioning here. It is true that the Millstone grit, which is found 
from four to five hundred feet in thickness beneath the Coal- 
measures of Southern Illinois,’ thins out in a north-westerly di- 
rection, so that, farther north in I)linois, in Iowa and Missouri, 
the Coal-measures are found reposing directly upon the Sub- 
carboniferous rocks. If we take this as an evidence, however, 
that the Coal-measures there belong to the Mountain Limestone 
series, we might upon the same principles argue that at other 
places in these states the coal-bearing strata belong to the De- 
vonian, or even to the lower part of the Lower Silurian; for 
it is well known that, at some localities there, all the intermediate 
rocks are wanting, and the Coal-measures are found in direct 
contact with these older rocks. 

If we had no stratigraphical evidence, however, in regard to 
the parallelism of our Coal-measures with those of Europe, their 
flora alone would be sufficient to settle this question. Lesquer- 
eux, who was especially commissioned to study the fossil plants 
of the Coal-measures in connection with the State surveys of 
most of the Western States, containing Upper Carboniferous 
rocks, including Illinois, says, “if we admit the generic distribu- 
tion of the fossil plants of the coal, as it has been established by 
Brongniart in his 7ubleaw des Genres (certainly the best that has 
been attempted, either before or after him), all the Kuropean 
genera, even the undefined genus Apiiebia Sternb., have repre- 


_ * Mr. H. Engelmann, an assistant in the Illinois State Geographical Survey, gives 
its thickness in the southern part of that State at five hundred feet, and gives a 
section showing it to rest upon the upper Archimedes Limestone group, every where 
regarded as the upper member of the Subcarboniferous or Mountain Limestone 
series. (Trans. Acad. Sci., St. Louis, Nov. 1862, p. 188.) 


k 
1, 
Dey 
y 
le 
ie 
h 
a 
y 
d 
t 
r 
) 


168 F. B. Meek on the Carboniferous Rocks of 


sentative species in the Coal-fields of America.” He also shows 
by tubles in the same article, that out of a list of about 850 known 
species of our Coal-measure plants, 150, or approaching one-half, 
are identical with European Coal-measure species. Dr. J.58. New- 
berry, an equally good authority in this department of paleon- 
tology, had previously arrived at very nearly the same conclu- 
sion, from a careful study of the Carboniferous flora of Ohio and 
some of the neigliboring states.” 

In regard to the identity of the Coal-measures of Illinois, 
with the regular Coal-measures (overlying the Millstone grit) 
of Ohio, Pennsylvania, Kentucky, and other neighboring states, 
it is only necessary to again quote Les juereux, who has given 
especial attention to tracing out the parallelism of the subordi- 
nate beds at distantly separated localities in the coal fields of the 
Middle and Western States. On this point he says, (this Jour., 
[2], xxx, 367,) “Such is, nevertheless, the uniformity of the 
distribution of the strata of our coal-basins, that a section made 
in Western Illinois or Western Kentucky, or in any part of the 
coal-fields in these States, will prove comparativel y similar (that 
is with some differences in the thickness of the strata,) to any 
section made in the coual-fields of Pennsylvania or Ohio.” Now 

” This Journal, | xXx, 

" The fauna of our Coal-measures has not been compared with that of the equiv- 
alent rocks of Europe, in the same detail as its fora. Indeed idging from the pub- 


lications on the M «ks, and other invertebrate remains of the European Cuval- 
measures, our rocks of tl we, particularly the upper members in the West, are 
far richer in animal remains t those of the Old World. Another fact that gives 
to our Coal-nieasure faut more Subcarboniferous aspect is, that during the deposi- 
tion of these rocks in this intry the sea seems to have much more fre quently re- 
occupied the area of these formations than in the Old W l. For, whatever theory 
we adept in regard t e formation co to meet all the requirements of the 
phenomena here presented, we must admit the fr quent presence of the sea, since 
we find Corals, Bra pods, Crinoids, 1 ne types of Gasteropods, Acephals, &c., 
occurring through hundreds of feet of Coal-measure rocks in the West. Indeed, 
during more than twenty years’ familiarity with the fossils of the Western Coal- 
measures, the writer has never met with any fresh or brackish-water types or terres- 
trial remains, other than ] ts he presence of these marine remains is not the 
exception, but the ri parti rly in the upper and middle members of the west- 
ern Coal-measures: they are found over wide areas, and through great thicknesses 
of strata, and in a profusion and state of preservation that precludes the possibility 
of accounting for their presence by the supposition that the y were transported there 


by currents or earthquake waves. They occur not only in the limestones, shales, 
sandstones, &c., alternating with the numerous seams and beds of coal, but in some 
rare instances directly in the coal itself ihe writer has a specimen of impure coal 
from Illinois, in which there is a very thin Aviculopecten entirely replaced by pyrites, 
which, when the block of coal was first broken open, presented almost the brilliancy 
of burnished gold. In Ohio also, numerous shark teeth and entire specimens of 
other marine fishes have been found by Dr. Newberry embedded directly in cannel- 
coal. (See this Journal, [2], xxiii, 212.) Dr. Newberry also found, at ‘another lo- 
cality in Ohio, specimens of Solemya (a marine shell), flattened between the lamin 
of good coal. In other instances, beds of coal are known to shade upward into @ 
black, more or less richly bituminous mass, containing great numbers of the shells 
of Brachiopoda, the de ate inbrekep Ss} ines ef which can be seen piercing like 
needles the black watrix. 
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this conclusion, it should be remembered, is not based upon 
structure alone, or other lithological characters, but also upon a 

careful and thoroughly scientific investigation and comparison of 
the fossil plants characterizing each bed or subordinate stratum. 

But it is not alone upon the evidence of structure, and their 
fossil flora, that the Illinois Coal-measures are known to belong 
to the same horizon as the regular Coal-measures of Indiana, 
Kentucky, Ohio, Pennsylvania, &., for we have also the unmis- 
takable evidence of its group of animal remains. It is true, as 
in all other formations, species sometimes occur in these rocks in 
one State that do not in another, but a miscellaneous collection 
of shells, Corals, Crinoids, Bryozoa, &c., from the Coal-measures 
of any part of IJ}linois, would be at once referred to that horizon 
by any person familiar with the forms characterizing rocks of 
the same age in any of the States above mentioned. Long lists 
of species might be cited to illustrate this point, but it is wholly 
unnecessary; we may remark, however, that Pleurotomaria 
spherulata, P. tabulata, Euomphalus catilloides, and Macrocheilus 
primigenius, of Conrad, which are among the most characteris- 
tic fossils of the Coal-measures, not only in Illinois, but in lowa, 
Missouri, and in part in Kansas, were first described by Mr. 
Conrad from the regular Coal-measures of Western Pennsylvania. 

In relation to the Coal-measures of Illinois belonging to the 
same horizon as those of Missouri and Iowa, it is scarcely neces- 
sary to say anything, as all in this country who have given any 
attention to the subject know this to be the case, and even Mr. 
Marcou admits it. Indeed, we have the clearest evidence that 
the Illinois Coal-field was once continuous with that of Missouri 
and Iowa, from which it is only separated by the broad valley of 
denudation scooped out by the Mississippi river. Following the 
Missouri and Iowa Coal-field westward, we find that it passes 
uninterruptedly into Kansas and the southeast corner of Nebraska 
—the valley of the Missouri, owing to the northwestward incli- 
nation of the strata, not going deep enough to cut it into two 
distinct fields. 

Throughout all this area, these rocks are characterized by essen- 
tially the same fauna. As in all other formations, some species 
are local in their geographical range, but the majority are not, 
and, as elsewhere stated, most of them range into the Coal-meas- 
ures of Kentucky, Indiana, Ohio, and some even into Pennsyl- 
vania, while comparatively very few of them have even been 
suspected of being identical with forms occurring in any lower 
position. 

As much of the evidence relied upon in this review in dis- 
cussing the relations of the Western Carboniferous and Permian 
rocks, is derived from the presence or absence of certain types 
of Brachiopoda, it is but fair that we should not dismiss this part 
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of the subject without letting it be known that Mr. Marcou does 


not admit the validity of the te stimony of thisclass of Mollusks, 


His remarks on this point, however, are so extraordinary, that, 
for fear of being suspected of having done him an injustice in 
the translation, they are here given in his own words, and in his 
own language. They are as follows:—“Je suis arrivé a la con- 
viction qu’ aprés les foraminiféres, les brachiopodes sont les plus 


mau vaises fossiles dont on puisse se servir comme fossiles caractér- 
istiques des formations, et qu’en réalité ils ne sont meme pas du 


tout les Leitmus : J ignore ou les zooiogistes placent les 
brachiopodes, ou meme s’ils sont d’ accord entre eux sur la place 
& leur assigner; mais ces sont certainement des etres tres-infe- 
rieurs et plus bas méme dans |a série que les coraux, si j’en juge 
du moins d’aprés leur utilité pour la geologie pratique.” 

This is certainly very hard on the Brachiopoda: it was bad 
enough to place them in any sense of the word below the Corals 
but to deny them the right, next to the Foraminifera, to tes- 
tify in regard to the age of the ve ry rocks to which their shells 
have so largely contributed is still worse. Whatever zoologists 
may think of this view respecting the rank of the Brachiopoda, 
they will certainly accord to it the merit of ori ginality. Geolo- 
gists and paleonto! gists, h ywever, are not likely to agree with bim 


in regard to the value of this class of Molla isks as a means of 
distinguishing y strata, as their almost united testimony goes di- 
rectly | to the contrary. Various quotations might be made to show 
this; but one from Mr. Thos. Davidson of London, the highest 
authority on the Brachiopoda, particularly the fossil forms, will 
be sufficient. After speaking of their almost universal distribu- 
tion in marine strata, he says, “their value to the geologist is 
consequently very great; and, as they so commonly fall under 
his hammer, where other classes are often but sparingly repre- 
sented, they must, therefore, be looked upon as excellent data for 
the age of deposits; for, although some few individual forms 
pass from one stage to another, the g enerality are limited to defi- 
nite horizons.” 

That in the hands of one who first makes up his mind in re- 
gard to the age of a formation from its color and other litholog- 
ical characters, and then sets to work to int ~_ its fossils ac- 
eordingly, without the ability or inclination to discriminate be- 
tween the genera Terebratula, Spirigera, “Re zia, and Rhynchonella, 
tthe Brachiopoda will be found of little use, and their testimony 
discordant, is quite natural to suppose. Under other circum- 
stances, however, the result is always very different. Yet after 
all, the Brachiopoda have less reason to complain of Mr. Mar- 
<ou’s practical, tha eoretical dealings with them, for 


British Foss. Brach. Genl. Introduction, p. 1 
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it will be remembered that, so far as he relied at all upon pa- 
leontological evidence, he identifies the rocks at Bellevue, with 
a particular formation in New Mexico, and both with the Moun- 
tain Limestone of Europe, almost solely upon the testimony of 
certain Brachiopoda, 

After completing his researches in the region of Bellevue, 
Mr. Marcou continued his progress up the Missouri to examine 
a sandstone formation extending along that stream for some dis- 
tance below Sioux City, located at the mouth of Sioux River. 
In regard to the age of this formation, the readers of this Journal 
will remember that Mr. Marcou and some geologists in this coun- 
try have differed widely. In 1853, the writer and Dr. Hayden ex- 
amined it while returning from an expedition to the Bad Lands for 
Prof. Hall. They found but a few b: adly preserved fossils in it, but 
left the locality” under the i pe that it was probably Cre- 
taceous, as it was immediately overlaid by rock undoubtedly of 
that age; which opinion was adopted in a paper published by 
Prof. Hall and the writer in Mem. Am. Acad. Arts and Sci., 1856. 

In his Geological Map, however, of N. America, published i in 
1855, (Ann. des Mines, [2], vii), Mr. Marcou had colored this 
rock here on the east side of the Missouri, Mountain Lime- 
stone, and along the west side, New Red Sandstone. 

In papers published in 1856-7, Dr. Hayden and the writer 
still maintained that it was of Cretaceous age. 

Again, in 1858, in reissuing his Geological map, along with 
his Geology of North America, “Mr. Marcou left this rock colored 
as before on both sides of the Missouri, and on page 143 of the 
Geology, says, “the red formation of the vicinity of Sioux City, 
lying upon the Carboniferous rocks, is of the age of the New 
Red Sandstone.” 

About the same time, Dr. Hayden and the writer maintained 
that the numerous modern types of dicotyledonous leaves found 
in this rock could not belong to an older epoch than Cretaceous. 
But in a paper published in the Archives des Sci. hibliothéque Uni- 
verselle, June, 1858, Mr. Marcou unhesitatingly referred it, from 
our later description, to the Jurassic. Being perfectly satisfied 
that even this could not be the case, and in order to convince 
Mr. Marcou and others of the fact, the writer made sketches of 
some of the leaves found in this rock, and sent them to Prof. 
Oswald Heer, of Zurich, Switzerland, one of the most eminent 
botanical paleontologists of Europe, Dr. Newberry, one of our 
best authorities in this department of paleontology, being then 
in New Mexico. Before Prof. Heer’s reply was received, Dr. 
Newberry returned, and the specimens of fossil leaves were 
submitted to him, and he fully agreed with us that the rock 
must be Cretaceous. The modern affinities of the leaves 
showed it could not be older, and its position beneath unques- 
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tionable Cretaceous strata, in a district where the undisturbed 
condition of all the rocks precluded the supposition that there 
might have been an overthrow, settled the q 1estion that it could 
not be newer. 

Soon after Dr. Newberry’s return, a letter was received from 
Professor Heer, who was evidently deceived by the unusually 
modern affinities of the leaves (and doubtless, though un- 
consciously to himself, in some degree by the theoretical views 
of Mr. Marcou, who was then in Zurich), stating that he could 
not regard these leaves of Cretaceous age, but that they ap peared 
most nearly allied to Miocene types. Almost simultaneously, a 
printed pamphlet was issued by Mr. Marcou at Zurich, addressed 
to Meek and Hayden, in which he took the ground that they 
had included in this leaf-bearing formation all sorts of rocks, 
excepting Cretaceous, and endorsing Prof. Heer’s suggestion that 
the beds containing these leaves are of Mio ene age. 

Notwithstanding the fact that Dr. Hayden and the writer had 
against them as weighty an authority as Prof. Heer, they con- 
tinued to maintain that the rock is, nevertheless, Cretaceous. 

After having expressed so many and such wid ly different 
Opinions in regard to the age of this formation, we may readily 
understand that it must have been with no ordinary degree of 


interest that Mr. Marcou caught the first rlimpse of these sand- 
stone escarpments as he ascended t » Missou ITl; especi ally as he 
had with him a skilful botanical paleontologist to assist in un- 
raveling the knotty question. After a thorough exploration, 
however, of the various out-crops in the vicinity of Sioux City, 


and along the Missouri below there, both of these gentlemen 
completely satisfied themselves that this formation 7s Cretaceous, 
and only Cretaceous, as had been from the first maintained by 
all in this country. T' ) tated in conversation at 
Washington City, and Mr. Marcou frankly admits it in the paper 


under review. And thus ends one long mooted question in the 
geology of the West 

There are a few points, however, in regard to this formation, 
upon which the y r cannot agree with Mr. Mareou. In the 
first place, he (Mr. Mi arcou) considers it a fresh-water formation, 
because he found in it shells of a Cyrena: (for which he pro- 
poses the name C. Nova- Mexicana, from the supposition that it is 
identical with a species found by him in New Mexico). ‘This is 
undoubtedly the Cyrena aren 1) it of Meek & Hayden,” which 
was long since described from the same locality and position. Its 
presence there, however, by no means pr ves this to be a fresh- 
water deposit, since the writer and Dr. Hayden found directly 

* We first described it as a Cyprina, from ir perfect specimens, but afterward 


referred it to sige genus Cyrena, 
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associated with it casts of an Arincea (= Pectunculus), figured and 
described by Hall and Meek in the Memoirs Am. Acad. Arts 
and Sci. Dr. Hayden and the writer have also described from 
there a Mactra, under the name J/. Siouxensis, and a Pharella. 
As Pectunculus and Mactra are marine genera, and Pharelia and 
Cyrena are brackish-water types, it is manifest that this rock 
was deposited in a bay or estuary, which must have been alter- 
nately brackish, and salt enough to sustain marine Mollusks. The 
nature of the sediment composing it, as well as the numerous 
leaves and even trunks of trees, at some places found in it, at- 
test the fact of its being a shore deposit. 

Again, while admitting this to be a Cretaceous rock, Mr. 
Marcou seems to think he is differing from Meek & Hayden, in 
not referring it to the oldest Cretaceous, and in placing it on a 
parallel with the New Jersey Cretaceous. In this, however, he 
is mistaken. We placed it at the base of our section of the Cre- 
taceous rocks of the Upper Missouri Country, which position it un- 
doubtedly holds. But we have not, in our more recent papers, 
especially referred it, even provisionally, to the horizon of 
the oldest Cretaceous of Europe. By looking at our paper 
published in the Proceed. Acad. Nat. Sci. Philad., Dec., 1861, 
page 418, it will be seen that we there refer this rock to the 
position of the Gray Chalk of English geologists. It will also 
be seen there, and in our other papers, that we have, almost 
from the first, maintained that this formation is the exact equiv- 
alent of the leaf-bearing beds on Raritan River, New Jersey, 
forming the inferior member of the Cretaceous rocks of that 
State. 

Mr. Marcou also has some remarks on the question of the par- 
allelism of this sandstone and the overlying Jnoceramus beds, 
with the upper part of his Pyramid Mountain section in New 
Mexico. We have not the space to enter upon the discussion of 
this question here, nor is it necessary. The able review of this 
whole subject in Dr. Newberry’s report as Geologist of Ives’s 
Colorado Expedition, and Dr. Shumard’s several papers on the 
geology of Texas, place this question in so clear a light that 
probably no one but Mr. Marcou has any doubts on the subject. 


Note on a new Crinoid, referred to on page 164.-—Since the re- 
marks on page 164 were in type, Mr. Worthen has sent me speci- 
mens of the Crinoid there alluded to, from the Coal-measures 
of Illinois, which show that, however much it may resemble 
Encrinus, it still presents differences of structure believed to be 
of generic importance. These differences consist in the presence 
of « series of true subradial pieces ; while it differs from the struc- 
ture (at least the normal) of Huacrinus, in having but two primary 
radials, instead of three, in each ray. A European specimen 
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of Encrinus in the private collection of Smithson, deposited at 
the Smithsonian Institution, shows five very minute pieces with- 
in those generally considered the basal plates. If these minute 
pieces were developed so as to assume the character of true 
basal plates, then those generally regarded as such would become 
subradials, as in our Crinoid. As this, however, seems never to 
have been the case in true Hncrinus, it is reasonable to infer that 
our Carboniferous form presents other differences entitling it to 


rank as the type of a distinct genus, The genus may be named 
and characteriz as follows: 

Erisocrinus, Meck & Worthen. Basal plates 5; subradials 
5: radials 2x5: a and interradial pieces none. Column 
and arms unknown We know the following species :— 

1. FE. typus M. & W Body, below the summit of the first 
radial pieces, basin-shaped, rounded below, and subpentagonal 
in outline above; com} d of thick, smooth, scarcely convex 
plates; breadth 0°60 inch, height 0-24 inch. Basal pieces small, 
about half hidden by the column; subradials three times as 
large as the basal pieces, equally hexagonal: first radial pieces 
much | arger, of equal size and form, being all wider than long, 
pentagon: il in outline, and broadly truneated above for the re- 
ception of the succeeding radials, which are nearly as large, 
equally pentagonal, and Ipport upon their superior sloping 
sides either the first brachial pieces, or a series of secondary ra- 
dials.—F rom th e Coal-measures, near Sp efield, 1]] 

2. E. Nebrascensis M. & W Differs from the foregoing in 
having the cup below the summit of the first radials proportion- 
ally deeper, in consequence of the larger size of the subradial 
pieces, but may be only a variety of the same. Breadth, 0°69; 
height to top of first radials, 0°35 inch.—From the Coal-measures, 
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Art. XXI.—Analysis of a Carbonate of Lime and Manganese, 
(Spartaite of Breithaupt,) from Sterling, Sussex County, New 
Jersey; by S. W. TyLrerR, A.B. Communicated, with remarks, 
by C. U. SHEPARD 


More than a year since I supplied Mr. Tyler (a graduate of 
this College) with very fresh specimens of this mineral, to be 
analyzed during his residence at the Géttingen Laboratory. He 
has just forwarded to me, under date of Nov. 10th, the results 
he oe obtained 

“Sp. gr. =2°815. Before the blowpipe, decrepitates and _ be- 
comes black without fusing. With soda hel | microcosmic salt, 
gives the well-known reaction of manganese. Not acted on 
by acetic acid, but dissolves easily with effervescence in cold 


chlorhy dric acid. 
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Analysis gives, 


MnO, . ‘ 13°79 
Ca O, ‘ 43°65 > as 1:4:5, 


which leads to (}Mn0O+4Ca QO) CO? as the formula of the 
species. 


Calculated. Obtained. 
4Ca O, 43°49 . 43°65 
100-00 99°45” 


This is the same mineral as that referred to by Rammelsberg, 
page 209 of his Handbuch der Mineralchemie, as analyzed by 
Jenzsch and Richter with the following results: 


By Jenzsch. By Richter. 
Carbonic acid, 40°77 ; . 44°04 
Protox. iron 0°38 ) 7-13 
> = 

Protox. manganese, 6°83 | 

98°35 100°30 


Rammelsberg gives the following as an approximative formula, 
based on the foregoing: 


6Cad+ 


Mn } 
Mg} 

Regarding the magnesia, iron ard zinc as accidental, I have 
only to add, respecting the species, that in color it is generally a 
very pale reddish white, and where associated with dysluite and 
jetfersonite (hedenbergite) of a bluish gray tint, sometimes (from 
partial decomposition) yellowish or reddish brown. It cleaves 
with facility; and the rhombohedrons thus obtained afford, both 
by the common and the reflective goniometer, angles rather 
over than under 106°. The planes are striated parallel to their 
longer diagonals. With borax before the blowpipe the character- 
istic manganese reaction is speedily produced, 

This mineral had for years been recognized in my cabinet asa 
double carbonate of lime and manganese, and called by me cal- 
cimangite, a denomination which ] have only recently learned 
has been anticipated by Breithaupt’s Spartaite. But as this last 
name is so nearly synonymous with Spartalite, (given in 1852 
by Brooke and Miller, to the red oxyd of zinc), I would suggest 
the substitution of calcimangite for it, as an appellation that may 
serve to prevent confusion, the more especially as the two min- 
erals occur together. 

Amherst College, Dec. 14, 1864. 


C. 
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ArT. XXII.— Contributions to the Chemistry of Natural Waters ; 
by T. Sterry Hunt, A.M., F.RS. 


It is proposed to divide this essay into three parts, in the first 
of which will be considered some general principles which must 
form the basis of a correct chemical history of natural waters, 
The second part will embrace a series of chemical analyses of 
mineral waters from the Paleozoic rocks of the Champlain and 
St. Lawrence basins, together with some river-waters; and the 
third part will consist ch fiy of deductions and generalizations 
from these analvses, 


Coxtexts oF Sectioxs.—1, atmospheric waters; 2, 3, results of vegetable decay ; 


4-7, action on 1 liments ; 8, action on iron-oxyd; 9, solution of alumina; 
10, reduction of phates; 11, } tion; 12, decay of silicates; 13, origin 
of carbonate of so 14, B f’s v rejected; 15, 16, porosity of rocks, 
and their cont ite 17 fe s strata: 18, action of carbon- 
ate of soda on saline waters: 19, origin of s hate of magnesia; 20, 21, Mit- 
scherlich’s view 1 t 2, 2 ilts from evapoar z se water, composition 
of ancient sens ite of e; 25-27, origin of gypsum, carbon- 
ate of magnesia, 28, wat from oxydized sulphurets ; 29, origin 
of free sulphuric a rhydric acids; § f sulphhydrie and boric acids; 
81, of carboni g 2, of ammoniacal salts; 338-85, classification of 


mineral waters 


§ 1. The solvent powers of water are such that this liquid is 
never met with in natu In ap rfectly pure state ; even meteoric 
waters hold in solution, des nitrogen, oxygen, carbonic acid, 
ammonia, and nitrous compounds, small quantities of solid mat: 
ters which were previously suspended in the form of dust in the 
atmosphere. After falling to the earth, these same waters be- 
come still farther impregnated with foreign clements of very 
variable nature, according to the conditions of the surface on 
which they fall 

§ 2. Atmospheric waters, coming in contact with decaying 
vegetable matters at the earth’s surface. take from them two 
classes of soluble ingredients, organic and inorganic. The 
waters of many streams an brown with dis- 
solved organic matter, and yield, when evaporated to dryness, 
colored residues which carbonize by heat. This organic sub- 
stance, in some cases at least, is azotized, and similar if not iden- 
tical in composition and properties with the apocrenic acid of 
Berzelius. The decaying vegetation, at the same time that 
it yields a portion of its organic matter in a soluble form, 
parts with the mineral or cinereal elements which it had re- 
moved from the soil during life. The salts of potassium, calcium, 
and magnesium, the silica and phosphates which are so essential 
to the growing plant, are liberated during the process of decay, 
and hence we find these elements almost wanting in peat and 
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coal. See, on this point, the analyses by Vohl of peat, peat-moss, 
and the soluble matters set free during its decay. Ann. der 
Chem. und Pharm., cix, 185, cited in Rép. Chim. Appliquée, i, 289. 
Also Liebig, analysis of bog-water; Letfers on Modern Agricul- 
ture, p. 44; and, in the second part of this paper, the analysis of 
the waters of the Ottawa river. 

§ 3. At the same time, an important change is effected in the 
gaseous contents of the. atmospheric waters. The oxygen 
which they hold in solution is absorbed by the decaying organic 
matter, and replaced by carbonic acid, while any nitrates or 
nitrites which may be present are by the same means reduced to 
the state of ammonia (Kuhlmann). By thus losing oxygen, and 
taking up a readily oxydizable organic matter, these waters be- 
come reducing instead of oxydizing media in their farther 
progress. 

§ 4. We have thus farconsidered the precipitated atmospheric 
waters as remaining at the earth’s surface, but a great portion of 
thern sooner or later in their course come upon permeable strata 
by which they are absorbed, and in their subterranean circula- 
tion undergo important changes. The effect of ordinary argil- 
laceous strata destitute of neutral soluble salts may be first ex- 
amined. Between such sedimentary strata and the waters 
charged with organic and mineral matters from decaying vege- 
tation, there are important reactions. The composition of these 
waters is peculiar. ‘They contain, relatively to the sodium, 
a large amount of potassium salts, besides notable quantities of 
silica and phosphates, in addition to the dissolved organic mat- 
ters and the earthy carbonates, and in some cases ammoniacal 
salts and nitrates or nitrites. The sulphuric acid and chlorine 
are moreover not sufficient to neutralize the alkalies, which are 
perhaps in part combined with silica or with an organic acid. 

§ 5. The experiments of Way, Voelcker, and others have 
shown that when such waters are brought into contact with ar- 
gillaceous sediments, they part with their potash, ammonia, sil- 
ica, and phosphoric acid and organic matter, which remain in 
combination with the soil; while, under ordinary conditions at 
least, neither soda, lime, magnesia, sulphuric acid nor chlorine 
are retained. ‘This power of the soil appears from the experi- 
ments of Eichhorn to be in part due to the action of hydrated 
double aluminous silicates; and the process is one of double 
exchange, an equivalent of lime or soda being given up for the 
potash and ammonia retained. The phosphates are probably 
retained in combination with alumina or peroxyd of iron; and 
the silica and organic matters also enter into insoluble combina- 
tiohs. It follows from these reactions that the surface-waters 
charged with the products of vegetable decay, after having been 
brought in contact with argillaceous sediments, retain little else 
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than sulphates, chlorids, or carbonates of soda, lime and mag: 


nesia. In this way the mineral matters required for the growth 
of plants, and by them removed from the soil, are again restored 
to it; and from this reaction results the small proportion of 
potash salts in the waters of ordinary springs and wells as com- 
pared with river-waters. From the waters of rivers, lakes, and 
seas, aquatic plants again take up the dissolved potash, phos- 
phates, and silica; and the subse quent decay of these plants in 
contact with the ooze of the bottom, or on the shores, again re- 
stores these elements to the earth. See a remarkable essay by 
Forchhammer, on the composition of fucoids, and their geologi- 
cal relations, Jour, fiir Prakt. ( , Xxxvi, 888. 

§ 6. The observations of Eichhorn upon the reaction between 
solutions of chlorids and pulverized chabazite, which, as a hy- 
drated silicate of alumina and lime, may perhaps be taken as a 
representative of the hydrous double silicates in the soil, show 
that these substitutions of protoxyd bases are neither complete 
nor absolute. It would appear, on the contrary, that there takes 
place a partial or a partition of bases according to 
their respective affinities. Thus the normal chabazite in pres. 
ence of a solution of chlorid of sodium exchanges a large por- 
tion of its lime for soda Dut if the resulting soda compound be 
placed in a solution of chlorid of calcium, an inverse substitu- 
tion takes place, and a portion of lime enters again into the sili- 
cate, replacing an equivalent of soda; while, by the action of a 
solution of chlorid of potassium, both lime and soda are, to a large 
extent, replaced by potash. In like manner, chabazite in which 
by the action of a solution of sal-ammoniag, a part of the lime has 
been replaced by ammonia, will give up a portion of theammonia, 
not only tosolutions of chlorids of potassium and sodium, but 
even tochlorid of calcium. It results from these mutual decom- 
positions, that there is a point where a chabazite containing both 
lime and soda, or lime and ammonia, would remain unchanged 
in mixed solutions of the corresponding chlorids, the affinities 
of the rival bases being balanced Inasmuch, however, as the 
proportions of ammonia and potash in natural waters are usually 
small, when compared with the amounts of lime and soda 
existing in the form of hydro-silicates in the soil, the result of 
these affinities is an almost complete elimination of the ammonia 
and potash irom infiitrating waters 

§ 7. That the replacement of one base by another in this way 
is not complete is shown, moreover, by the experiments of Lie- 
big, Dehérain and others, who have observed that a solution of 
gypsum removes from soils a certain amount of potash-salt, 
which was insoluble in pure water. In this way gypseous wafers 
may also acquire portions of sulphate of soda, and perhaps of 
sulphate of magnesia, from silicates. 


T fo 
bis a xx\ i2 
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It is not certain that all the above reactions observed for 
chabazite are applicable without modification to the double hy- 
dro-aluminous silicates of sedimentary strata. Were such the 
case, important changes might, in certain conditions, be effected 
in the composition of saline waters. Thus, in presence of a great 
amount of a hydrous silicate of lime and alumina, solutions of 
chlorid of sodium might acquire a considerable amount of 
chlorid of calcium; but it is probable that these reactions, how- 
ever important they may be in relation to the soil, and to sur- 
face-waters with their feeble saline impregnation, have.at present 
but little influence on the composition of the stronger saline 
waters. It is, however, not impossible that the action of the 
ancient sea-waters, holding a large amount of chlorid of calcium, 
upon the hydrated and half-decomposed feldspars whick consti- 
tuted the clays of the period, may have given rise to those double 
silicates which formed the Jime-soda feldspars so abundant in the 
Labrador series. 

§ 8. The reactions just described assume an importance in the 
case of waters impregnated with soluble matters from vegetable 
decay, and in this event another and not less important class of 
phenomena intervenes, which are due to the deoxydizing power 
of the dissolved organic matter. By the action of this upon the 
insoluble peroxyd of iron set free from the decomposition of 
ferruginous minerals and disseminated in the sediments, pro- 
toxyd of iron is formed, which is soluble both in carbonic acid, 
and in the excess of the organic (acid) matter. By this means, 
not only are great quantities of iron dissolved, but masses of 
sediments are sometimes entirely deprived of iron-oxyd, and 
thus beds of white clay and sand are formed. The waters thus 
charged with proto-salts of iron absorb oxygen when exposed to 
the air, and then deposit the metal as hydrated mca which 
when the organic matter is in excess, carry down a greater or less 
proportion of it in combination. Such organic matters are rarely 
absent from limonite, and in some specimens of ochre amount 
to as much as fifteen per cent.” The conditions under which 
hydrous peroxyd of manganese is often found are very similar 
to those of hydrous peroxyd of iron, with which it is so fre- 
quently associated; and there is little doubt that oxyd of man- 
ganese may be dissolved by a process like that just pointed out. 
A portion of manganese has been observed in the soluble mat- 
ters from decaying peat-moss; and it seems to be generally 
present in small quantities with iron in surface-waters. 

§ 9. There is reason to believe that alumina is also, under 
certain conditions, dissolved by waters holding organic acids. 
The existence of pigotite, a native compound of alumina with 
an organic acid, and the occasional association of gibbsite with 


* Geology of Canada, p. 512. 
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removed by substitution from sedimentary strata are those 
which are liberated by the slow decomposition of the minerals 
composing these sediments. 

It has long been known that in the transformation of a feld- 
spar into kaolin the double silicate of alumina and alkali takes 
up a portion of water, and is resolved into a hydrous silicate of 
alumina; while the alkali, together with a definite portion of 
silica, is separated ina solab le state. The feldspar, an anhydrous 
double salt formed at an elevated temperature, has a tendency 
under certain conditions to combine at a lower temperature w ith 
a portion of water, and break up into two simpler silicates. 
Daubrée has moreover shown that when kaolin is exposed to a 
heat of 400° C. in presence of a soluble silicate of potash the 
two silicate *s unite and regenerate feldspar. These reactions are 
comp! etely analogous to those prese nted by very many other 
double salts, ethers, amids, and similar compounds. The pre- 
liminary conditions of this conversion of feldspar into kaolin 
and a soluble alkaline silicate, however, still require investiga- 
tion. It is known that while some feldspathic rocks appear 
almost unalterable, others containing the same species of feld- 
spar are found converted into kaolin to a depth of many feet 
from the surface. This chemical alteration, according to Four- 
net, is always preceded by a mechanical change of the feldspar, 
which first becomes opaque and friable, and is thus rendered per- 
meable to water. He conceives this alteration to be molecular 
and to be connected with the passage of the silicate into a dimor- 
Pp hous or allotropic condition. 

§ 12. The researches of Ebelman in the alterations of various 
Ss and minerals have thrown considerable light on the rela- 
tions of sediments and natural waters. From the analyses of 
basaltic and similar rocks, which include silicates of lime, mag- 
nesia, iron aid manganese in the forms of pyroxene, hornblende 
and olivine, and which undergo a slow and superficial decom- 
position under atmospheric influences, it appears that during the 
process of decay the greater part of the lime and magnesia is 
removed, together with a large proportion of silica. It was 
found moreover that in the case of a rock apparently composed 
of labradorite and pyroxene, the removal of the lime and mag- 
nesia from the decomposed portion was much more complete 
than that of the alkalies; showing thus the comparatively greater 

stability of the feldspathic element. The decomposition “of the 
fe ldspar in these mixed rocks is, however, at length effected, and 
the final result t approximates to a hydrous silicate of alumina, or 
clay. This slow decomposition of silicates of protoxyd-bases 
appears to be due to the action of carbonic acid, which, remov- 

* Ann. de Chimie, [2], Iv, 225. * Ebelman, Recueil des Travaux, ii, 1-79. 
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the vicinity of the lake of Laach, where the alkaline waters 
studied by Bischof occur.’ [he same thing is met with in many 
other localities of such springs, among which may be mentioned 
the region around Saratoga, where saline waters containing car- 
bonate of soda, and highly charged with carbonic acid, rise in 
abundance from the Lower Silurian strata; but farther north- 
ward, along the valleys of Lake Champlain and the St. Lawrence, 
similar alkaline saline waters, which abound in the continuation 
of the same geological formations, are not at all acidulous. From 
this the conclusion seems justifiable that the production of car- 
bonate of soda is a process, in some cases at least, independent 
of the presence of free carbonic acid. In this connection, it 1s 
well to recall the solvent power of pure water on alkaliferous 
silicates, as shown more especially by Bunsen, and also by 
Damour, who found that distilled water at temperatures much 
below 212° takes up from silicates like palagonite and caleined 
mesotype, comparatively large amounts both of silica and alka- 
lies. (Damour, Ann. Chem. et Phys., (3), xix, 481.) 

$15 Another and an Important source of mineral impregna- 
tion to waters exists in the soluble salts enclosed in sedimentary 
strata, both in the solid state and in aqueous solution, and for 
the most part of marine origin. In order to form some concep- 
tion of the amount of saline matters which may be contained in 
a dissolved state in the rocky strata of the earth, we have made 
numerous experiments to determine thie porosity of vanous 
rocks; some few of the results of which may here be noticed. 
Fragments of the rocks were dried at a heat of 150° to 200° I, 
in a current of dry air until they ceased to lose weight. They 
were then soaked in distilled water, and kept under it for many 
hours beneath an exhausted receiver. When thus saturated 
they were wiped from adhering water, and weighed; first in air 
to determine the augmentation of weight from absorption, and 
secondly, in water to give, by the loss in weight, the volume of 
the specimens. These data furnish the means of determining 
the volume of water absorbed, which is given below for 100.00 
parts of different rocks from the Paleozoic strata of the St. 
Lawrence basin. 


Potsdam formation, (sandstone) 3 specimens .... 2°26—2°71 
‘ 3 6 94—9 35 
Calciferous (cryst. dolomite) 4 189—2'53 
Chazy (argill. limestone) 4 eee. 6°45-13°55 
Trenton “ (gray crys.“  ) 4 1 18=-1-70 
(black impalp. “) 9 080—0.32 
Utica “ (black shale) 
Medina “ (argill. sandstone) 2 specimens .... 837-10°06 
Guelph (eryst. dolomite) 9°84-10°60 
Niagara “ (impalpable ) 2 


7 Bischof, Lehrbuch, i, 8357-363. 
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more soluble and uncrystallizable compounds, may also be sup- 
posed to impregnate, in some cases, the sediments of these salif- 
erous formations. ‘The conditions under which these various 
salts are deposited from sea-water, and their relations to the com- 
position of the ocean in earlier geological periods, are reserved 
for consideration in § 22. Infiltrating waters remove from these 
saliferous strata their soluble ingredients; which, together with 
the ancient sea-waters of other sedimentary rocks, give rise to 
the various neutral saline waters; while the mingling of these 
in various proportions with the alkaline waters whose origin has 
been described in § 18, produces intermediate classes of waters 
of much interest. 

§ 18. I have elsewhere described the results of a series of ex- 
periments on the mutual action of the waters of these two 
classes.” Whena ns jute solution of bicarbonate of soda is grad- 

ally added to a solution which, like sea-water, contains besides 
chlorid of sodium, the chlorids and sulphates of caleiuin and 
magnesium, the greater part of the ime separates as carbonate, 
carrying down with it only from one to three- hundredths of car- 
bonate of magnesia: a portion of lime however remaining in 
solution as bicarbonate. When the chlorid of calcium is wholly 
decomposed, the magnesian salt is attacked in its turn, and there 
finally results a solution in which the whole of the earthly 
chlorids are replaced by chlorid of sodium, <A farther addition 
of the solution of carbonate of soda gives them the character of 
alkaline-saline waters; which moreover contain abundance of 
earthy carbonates. 

The substitution of neutral carbonate for bicarbonate of soda 
in the above experiment does not affect the result, = in 
causing a somewhat large +r proportion of ms vgnesia to be thrown 
down with the carbonate of lime. The resulting liquid still re- 
tains large quantities of earthy carbonates in solution.” 

§ 19. In the saline waters just considered, chlorids generally 
predominate, the sulphates being small in amount, and often 
altogether wanting. Some exceptions to this are however met 
with; for apart from waters impregni ated with gypsum, whose 
origin is readily understood, there are others in which sulphate 
of soda or sulphate of magnesia enter largely. The soda-salt 
may so:netimes be formed by the reaction between solution of 
gypsum and natriferous silicates referred to in § 7; or by the 
decomposition of gypsum by a solution of carbonate of soda; 
while in other cases its origin will probably be found in the 
natural deposits of sulphates, such as glauberite, thenardite, and 
glauber-salt, which occur in saliferous rocks ; a similar origin is 
probable for many of those springs in which sulphate of mag- 

® This Journal, [2], xxviil, 170. 
* Geol. Survey of Canada, Report, 1853-56, p. 468. 
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the greater portion of the chlorid of sodium crystallizes out in 
a nearly pure state. The mother-liquor of specific gravity 1:24, 
having lost about four-fifths of its chlorid of sodium, still con- 
tains dissolved a large proportion of sulphate of magnesia. If 
the evaporation is continued at the ordinary temperature, till a 
density of 1°32 is attained, about one-half of the magnesian sul- 
phate separates, mixed with common salt; and by reducing the 
temperature to 6° C,, a large portion of pure sulphate of mag- 
nesia now crystallizes out. The further evaporation of the re- 
maining liquor by the heat of suinmer causes the potassium salts 
to separate in the form of a hydrous — chlorid of potassium 
and magnesium, an artificial carnallite.” 

By varying somewhat the conditions of temperature, the sul- 
phate of magnesia and chlorid of sodium of the mother-liquor 
undergo mutual decomposition, with the production of sulphate 
of soda and chlorid of magnesium. Hydrated sulphate of soda 
crystallized out from such a mixed solution at 0° C., and by re- 
ducing the temperature to —18° C. the greater part of the sul- 
phates may be separate od in this form from the mother-liquor of 
1:24, previously diluted with one-tenth of water; without which 

addition a mixture of hydrated chlorid of sodium would sepa- 
rate at the same time. If, on the other hand, the temperature of 
the mixed solution be raised above 50° C., the sulphate of soda 
crystallizes out in the anhydrous form, as thenardite. By the 
spontaneous evaporation during the heats of summer of the 
mother-liquors of density 1:35, a double sulphate of potassium 
and magnesium separates. These reactions are taken advantage 
of on a great scale in Balard’s process, as modified by Merle,” 
for extracting salts from sea-Water. 

§ 23. The results of the evaporation of sea-water would how- 
ever be widely different if an excess of lime-salts were present. 
In this case the whole of the sulphates present would be depos- 
ited in the form of gypsum at an early stage of the evaporation, 
and the mother-liquor after the separation of the greater part of 
the common salt, would contain little else than the chlorids of 
18] lium, pot im, calei ium, and mi 

§ 24. A consideration of the conditions of the ocean in earlier 


The hydrous double chlorid of potassium and magnesium (carnallite of H. Rose), 
occurs in large quantities in a stratum of clay overlying a great bed of rock-salt 100 
feet thick, at Stassfurth in Prussia, It is associated with considerable quantities of 
sulphate of magnesia. Accérding to Clemm this sulphate of magnesia, to which 
the name of kieserite has been given, and which occurs also in Anhalt, contains but 
one equivalent of water, (MzO SO.,+HO) It is not more soluble than yvypsum, 
and unlike the ordinary sulphate of magnesia, loses the whole of its acid at a red 
heat in a current of steam, the acid passing off undecomposed. This salt is found 
in such large guantities as to be of economic importance. (Bull. Soc. Chim. de 
Paris, 1864, p- 297.) 

'? See my paper in this Journal, [2], xxv, 861; also Report of Juries of the Ex- 
hibition of 1862, class 11, p. 48. 
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§ 27. Gypsum may thus be separated from sea-water by two 
distinct processes,—the one a reaction between sulphate of mag- 
nesia and chlorid of calcium, and the other between the same 
sulphate and carbonate of lime. The latter, involving a separa- 
tion of bicarbonate of magnesia, can as we have seen, only take 
place when the whole of the chlorid of calcium has been elim- 
inated ; and if we suppose the ancient ocean, unlike the present, 
to have contained more than an. equivalent of lime for each 
equivalent of sulphuric acid, it is evident that a lake or basin of 
sea-water free from lime salts could only have been produced by 
the intervention of carbonate of soda. The action of this must 
have eliminated the whole of the lime as carbonate, or at least 
have so far reduced the amount of this base that the sulphates 
present would be sufficient to separate the remainder by evapo- 
ration, in the form of gypsum, and still leave in the mother- 
liquor a quantity of sulphate of magnesia for reaction with bi- 
carbonate of lime. 

The source of the magnesian carbonate, whose union, under 
certain conditions, with the carbonate of lime gives rise to the 
dolomite,’* may thus be due either to the reaction just described 
between bicarbonate of lime and solutions holding sulphate of 
magnesia, or to the direct action of carbonate of soda upon 
waters containing magnesian salts; but in either case the pre- 
vious elimination of the incompatible chlorid of calcium must 
be considered an indispensable preliminary to the production of 
the magnesian carbonate. 

§ 28. To the three principal sources of mineral matters in 
mineral waters already enumerated, viz., decaying organic mat- 
ters, decomposing silicates, and the soluble saline matters in 
rocks, a few other minor ones must be added. One of these is 
the oxydation of metallic sulphurets, chiefly iron-pyrites, giving 
rise to sulphate of iron, and more rarely to sulphates of copper, 
zine, cobalt and nickel; and by secondary reactions to sulphates 
of alumina, lime, magnesia, and alkalies. This process of oxyd- 
ation is necessarily superficial and local, but the soluble sul- 
phates thus formed have probably played a not unimportant 
part. (§ 9.) 

§ 29. Besides these last, which contain chiefly neutral and 
acid salts, there is another class of waters characterized by the 
presence of free sulphuric or chlorhydric acid, or both together. 
These acid waters sometimes occur as products of volcanic 
action, during which both chlorhydrie acid and sulphur are 
often evolved in large quantities. This latter element generally 
comes to the surface as sulphuretted hydrogen, which by the 
_ This Journal, [2], xxviii, 180-186, and further, Geol. Survey of Canada, Report 
for 1859, 214-218. 
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but their occurrence in the Paleozoic strata of the United States, 
far remote from any evidence of volcanic phenomena other than 
slightly thermal springs, shows that an action too gentle or too 
deeply-seated to manifest itself in igneous eruptions, may evolve 
carbonic acid abundantly. The sulphuric-acid springs of Western 
New York and Canada, to be described further on, are not less 
remarkable illustrations of the same fact. 

§ 32. The frequent presence of ammoniacal salts in voleanic 
exhalations is here worthy of notice, especially when considered 
in connection with the rarity of nitric and ammoniacal com- 
pounds in natural waters, except in some local conditions, as in 
the wells of cities, etc., where they are sometimes observed in 
comparatively large amounts. The explanation of this is evi- 
dent: for although nitrates themselves are not directly removed 
from the water, they are by the reducing action of organic mat- 
ters converted into ammonia, which is retained by the soil. In 
consequence of this affinity, the argillaceous strata, whether of 
the present period or of older formations, hold in a very fixed 
form a considerable quantity of nitrogen. This, from the slow- 
ness with which it is eliminated in the form of ammonia under 
the influence of alkaline solutions, probably exists as an am- 
moniacal silicate, (§ 6). ‘The action of acids, however, as well 
as alkalies may be supposed to liberate it from its combination, 
and thus generate the ammoniacal salts which are such frequent 
accompaniments of volcanic phenomena. The numerous exper- 
iments of Delesse show that ammonia, or at least nitrogen capa- 
ble of being evolved by heat and alkalies in the form of am- 
monia, is present in the limestones, marls, argillites, and sand- 
stones of former geological periods, in quantities scarcely inferior 
to those in similar deposits of modern times, amounting for 
most of the ancient sedimentary strata to from one to five 
thousands of nitrogen ;” from which it will be seen that the 
amount of this element thus retained in the rocky strata of the 
earth’s crust is very great.” 

§ 83. If we attempt a chemical classification of natural waters 
in accordance with the principles laid down in the preceding 
sections they may be considered under the following heads: 


Atmospheric waters. 
Waters impregnated with the soluble products of vegetable decay. 


rocks, and holding a portion of carbonate of soda as a characteristic 
ingredient. 
D. Waters holding neutrai salts of sodium, calcium or magnesium from 
strata where they existed as solid salts, or as impregnating brines. 


7 Ann. des Mines, [5], xviii, 151-528. 
* For an exposition of the views put forward in the four preceding sections, see 
my paper in the Canadian Journal for 1858, p. 206. 
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VI. The sixth class includes some neutral saline waters, in which the 
sulphates of lime, magnesia, and the alkalies predominate, chlorids 
being present only in small quantities. These waters, like the last, 
are often impregnated with sulphuretted hydrogen. 


The above classification, although adopted originally for the 
convenient description of the mineral waters of Canada, will, it 
is thought, be found to embrace all known classes of natural 
waters, with the exception of those included under KE, and some 
waters from volcanic sources holding muriatieacid. These may 
constitute two additional classes. In the first three of the classes 
above described, chlorids predominate; in the fourth, carbon- 
ates; and in the fifth and sixth, sulphates. The waters of the 
first, second, and sixth classes are neutral; those of the third 
and fourth, alkaline; and those of the fifth acid. 

The results of the chemical analysis of various waters of these 
classes it is proposed to give in the second part of this paper. 


Art. XXIII.—Abstract of a Memoir on Shooting Stars; by 
H. A. NEWTON. 


(Read before the National Academy of Sciences, August, 6th, 1864.)' 


1. THE periodical shooting stars, particularly those of August 
and November, have hitherto very naturally attracted more at- 
tention than the sporadic ones, those seen on every clear night 
throughout the year. Yet these latter are objects of no small 
interest. There are methods of observing, and of computation, 
by which much can be learned about them, and observations 
already made are of use in determining something of their num. 
bers, and of their place in the Solar System. I propose to com- 
bine these existing materials, and see to what they lead us. If it 
shall appear that I use rude processes and inexact data, and re- 
ject terms of considerable importance, I must plead that itisa 
step forward to do anything in this direction, and express the hope 
that better data will soon warrant the use of more refined pro- 
cesses. It will be necessary to assume certain propositions which 
are not probably strictly true, and others which may not be uni- 
versally conceded. Such assumptions are however very dis- 
tinctly set forth, that future observations may correct them if 
erroneous, and verify them if true. The details of many of the 
arguments are necessarily omitted in this abstract. 

The table of altitudes of the paths of shooting stars published 
in the last volume of this Journal, p. 135, is the basis of the com- 
putations. Singly, these altitudes are liable to large probable 


* From the Proceedings of the Academy: published by permission. 
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middle points of paths is about 48°°3, the above numbers give as 
a center of gravity, or center of distribution, a point about 2° 
from the zenith in the direction of S.28°E. We therefore con- 
clude that the relative frequency of occurrence of meteor-paths 
in different parts of the visible heavens is in the main a /fune- 
tion of zenith distance only. 

4, Distribution of over the sky in altitude.—The law 
distribution of the paths in apparent altitude may be obtained 
directly by observations eugane devised for that object. But 
such observations would have to be continued for a considerable 
time, and would involve great labor. I have therefore sought 
for a method of obtaining the approximate law of distribution 
from observations already made for other purposes. 

If the zenith distances of a large number of paths seen by 
one observer were measured or computed, we should find them 
affected by his habits of watching. Thus, one who looked 
habitually to the zenith world see only those near that point, 
while one looking low down woyld see few near the zenith. 
But, combining the observations of a large number of persons, 
we might hope that many of these individual habitudes would 
counteract each other, and that the aggregate results would be 
affected only by common errors. I have therefore taken for this 
purpose various sets of observations made by about forty differ- 
ent persons. Fora part the distances of the middle points of 
several paths from the zenith for the instant of appearance were 
computed. For the remainder the place of the zenith was in 
each: case computed, and the zenith distance carefully measured 
on a very good sixteen-inch globe. The number of paths thus 
computed or measured was 1,393. Of these, 30 were within 10° 
of the zenith, 60 were between 10° and 2U” from the zenith, 142 
between 20° and 30°, &c., as in the second column of the follow- 
ing table :— 


Table illustrating the distribution of meteor-paths over the sky. 


Zenith No. of Area No. No, 
distance meteors, of sky. Area Recs). Area sec3§ 

° 

0-10 3 “01519 1975 1:012 1951 
10-20 60 "04512 1330 1-110 1198 
20-30 142 ‘07366 1928 1°343 14456 
30-40 197 09999 1970 1819 1083 | 
40-50 274 2293 2-828 186 | 
50-60 304 14279 2129 402 
60-70 245 ‘15798 1551 13°25 117 
70-80 110 *16837 653 57°68 11 

178 1510 | 0 


80-90 31 17365 | 
If the area of the visible hemisphere is unity, the numbers in 
the third column give the areas of the corresponding zones. 


‘The number of paths divided by the areas gives quotients pro- 
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b 
tan?10°xr?dz, 


where a and b are the values of x for the lower and upper sur- 
faces of the region of meteors. 

On the other hand, the total number of shooting stars within 
the given period over the whole earth will be equal to 


19,(R+4-2)?dz. 
a 


The whole number visible at one place is 50°35 times the 
number seen within 10° of the zenith, and therefore 50°35 times 
the number withia the above described cone. Hence if m isthe 
number in a given period visible at one place, and N the num- 
ber that would be visible (except for daylight, clouds, moon, 
&c.,) through the whole earth in the same period, we should 


m J + 


50°35 
tan?10°x2dz 


Now ¢, is a function of 2, and, assuming as heretofore that 
observed altitudes are fair examples of the real altitudes, we 
hall have 9, =e, where & is a constant depending on the period 
f time assumed, the unit of space assumed, and the abundance 
of meteors. As we have assumed an equable distribution over 
the earth’s surface, this constant may be removed from the in- 
tegral sign. Again, without great error finite summation may 
take the place of integration, in which case the equation easily 
reduces to the form, 


have, 


. 


N = 2°555 m- 
( r’ 


Taking x successively 45, 75, 105, 135, and 165 kilometers, 
and ¢ also 114, 248, 277, 106, and 57, and R equal to 6370, 
we find 


N = 10,460 m, 
that is. the number over the whole earth ws to be considered as 10,460 
times the number visible at one plac é. 

To obtain this result, it was assumed that the shooting stars 
were uniformly distributed over the earth’s surface, and that the 
conditions of visibility are uniform. If, however, we regard 
the actual instead of the theoretical case, we find that the num- 
bers seen vary through the hours of - night. The rapid dim- 
inution toward the horizon, already shown, indicates the great 
influence of mists, &c., in the air, in a bsorbing the light of these 
bodies. But for thiscause, many more could be seen within ten 
Am. Jour. Sc1.—Seconp Serres, Vor. XXXIX, No. 116.—Marcn, 1865. 
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If the sphere attracts the small bodies, it may be shown that 
2 
instead of *R2nv we should have 7R?nv (14%), when v, is 


the velocity of a particle falling by the attraction of the sphere 
from rest at infinity, to the surface of the sphere. If the sphere 
has an uniform motion the same formula applies by making v 
the velocity relative to the sphere. 

This result may be extended to several systems of small bod- 
ies. Let there be distributed through se indefinite space, in 
each unit of it, 2’ bodies of one system, n” bodies of a second 
system, n’” bodies of a third system, an so forth, and let the 
— s of the first system move in one direction with a velocity 

’ relative to the sphere, let the bodies of the second system 
move in another direction with a velocity v’ relative to the 
sphere, and so forth, then will the number of bodies which the 
sphere intercepts in each second be equal to 


Call this N’ and we may write, 
2( S 2" 


where the summation indicated by & extends to all the systems 
of bodies. 
If v is the mean value of v’, uv’, &c., for all the bodies and n 
is the sum of n’+n’+n’’+&c., then 
== BY. 


The remaining term is the sum of fractions whose denomina- 
tors vary. We may, 


v2=—= (146), 


where @ is a number and is ‘allel y positive. If the values of 
v', &e., do not vary widely, § will be small. Making these 
substitutions, we have 

(v?++-02+6 2). 

This fowmula expresses the number of meteoroids which the 
earth intercepts by considering the earth with its atmosphere as 
the supposed sphere, R its radius measured from the upper part 
of the region ‘of meteor- paths, Vv the average velocity of the 
meteoroids when they come into the region of the earth’s sensi- 
ble attraction, v, the velocity of a body falling by the earth’s 
attraction from infinity to a distance R from the centre of the 


earth, N’ the average number of meteoroids coming into the 
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and the ratio of those actually seen through one telescope hs 
those which are bright enough to be visible in it is 53 x 12° 

360 x 60 x 180 + 2, or, 1:1853. I have selected the asus 
diameter of the tele escope : that the ratio may not be too large. 


For the same reason | prefer to reject in the divisor that part of 


the surface of the heavens within 15° of the horizon. ‘This 
makes the ratio 1 + 137 

We have seen that according to Bouvard’s observations one 
person should see an average of eight shooting stars per hour. 
Hence if °5 is taken as the ratio of the number seen in acomet 
seeker to those seen by one person with the naked eye, there 
8 45 X 1371 

312 
hourly that might be visible through a comet seeker if the whole 
heavens could be watched. The ratio between those visible at 
one place and those visible somewhere over the whole earth is 
1+ 10,460 for common meteors. If the same ratio applies to 
telescopic shooting stars (doubtless not a very reasonable suppo- 
sition), we have for the whole number of meteoroids coming 
daily into the air, at least, 1582 x 24 x 10460, or more than 
400,000,000. There is, moreover, no reason to doubt that a 
farther inerease of optical power would reveal still larger num- 
bers of these small bodies. 

10. Mean distance of the mete or-path s from an obse rver.—Al]though 
the data in our possession are inadequate to furnish the mean 
distance of the meteor-paths from an observer, yet limits to this 
mean distance can be obtained. Not so large a portion of the 
meteor-paths along an oblique line can be seen as along a verti- 
cal line. Now from the distribution of the paths in absolute 
altitude, and their distribution over the apparent heavens, can be 
computed the mean distance on either of two suppositions : 

Ist, That those paths along the oblique line that become in- 
visible are always the most distant ones; 

2d, That the paths which become invisible are distributed 
along the oblique line in proportion to the numbers along the 
line. 

It is evident that the first supposition affords a mean distance 
less than the truth, and that the second affords one that is too 
great. These two limits are found to be about 282 and 140 kilo- 
meters. Jt must, however, be admitted that in this computation 
the unavoidable errors arising from using finite summation for 
integration, and from other sources, are considerable. 

ll. Mean Joreshortening of the meteor-paths by perspective.—To 
determine the effect of perspective in shortening the apparent 
paths we have need to use the following geometrical proposition : 

If asp he re whose radius is a be supposed to have an indefinite 
number of diame ters, and the extremities of these diameters are 
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These results should, however, be diminished a little, since the 
mean distance and mean angular length give too large a mean 
length. The smaller of the two limits given is doubtless much 
nearer the truth. 

13. Mean duration of flight, and the mean velocity of the shooting 
stars.—Mr. Wartmann of Geneva gives the duration of the flights 
of 368 shooting stars observed at Geneva during one night by 
six observers. ‘The aggregate is 180°:33, which gives a mean of 
0849 for each flight. ‘lhe mean of 499 estimates made in August 
and November last is 0°418. The mean duration of the 867 
flights is 08-45, 

If the estimates of those observers who were accustomed to 
astronomical observation, and hence to judging of small inter- 
vals of time, had been alone taken, the result would have been 
very nearly the same. Almost all observers agree that the mean 
duration of flight is not greater than half a second. 

A mean duration of half a second, and a mean length of path 
between 39 and 65 kilometers seem to imply a mean velocity 
between 78 and 130 kilometers per second. The smallest of 
these (more than forty-eight miles,) is twice and a half the veloc- 
ity of the earth in its orbit about the sun. This cannot con- 
sist with the supposition that most of the meteoroids move in 
closed orbits about the sun. Hence, we must accept as highly 
probable one or more of these three conclusions, viz :— 

Ist, That the length of track is too long; which seems to in- 
volve that the altitudes on which our computation is based are, 
on the whole, too large. All the altitudes greater than 150 kil- 
ometers, might, I think, have been safely rejected. 

2d, That the estimates of time are, in general, toosmall. This 
is quite probable. The mind may not make proper allowance 
for the time that elapses after the shooting star is seen, before 
the eye is directed to the place of the path. 

3d, That very many of the meteors move in hyperbolic orbits 
about the sun. Whatever may be said of the sporadic meteors, 
this caunot be true of the members of the August and Novem- 
ber groups. 

14. The sporadic shooting stars cannot all belong to one. narrow 
ring which has a diameter nearly equal to that of the earth’s orbit.— 
Such a ring would have to be but little inclined to the ecliptic in 
order to furnish meteors throughout the year. The bodies could 
not have a retrograde motion, else shooting stars would be seen 
only in the morning hours, and would, moreover, have a very 
distinctly marked radiant. 

They cannot have a direct motion. For their velocity must 
then be nearly equal to, and yet a little less than, that of the 
earth, in order that more be seen in the morning than in the 
evening. ‘Their relative velocity on entering the atmosphere 
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Heis and Mr. R. P. Greg believe that they have detected such a 
series. Continued observation directed to this end will probably 
decide whether the meteoroids belong entirely, or mostly, to rings. 

According to the second supposition the apparent paths of the 
sporadic meteors should, if produced in the direction of the 
motion, all cut the ecliptic below the horizon. For the absolute 
motion of a meteoroid and the earth’s motion being both in, or 
near, the ecliptic, the resultant relative motion should be from 
some point in the ecliptic. That point should be above the 
horizon, since the body must move downward to enter the at- 
mosphere. And as the apparent path produced backward cuts 
this point, it will, if produced forward, cut the ecliptic below 
the horizon. 

We have thus a simple means of determining whether the 
sporadic meteors come exclusively, or even largely, from a disk 
or a lenticular shaped group about the sun, like that which the 
zodiacal light is often supposed to indicate. 

If the third supposition is true, the mean velocity of the 
meteors is a function of the numbers of shooting stars in the 
different hours of the night. For, if the velocity is very small, 
few would be seen in the evening, while if it is very large, there 
should be nearly as many in the evening as in the morning. 

Consider a small spherical space in the upper region of the 
earth’s atmosphere as receiving the meteors. 

By supposition the absolute motions of the meteoroids are di- 

1 in equal numbers from all parts of the celestial sphere. 

s are all equal and represented by af the earth’s 

if N. represents the numbers of those whose 

iven period are from the visible celestial 


] 


hemisph re, n the whole number that should come from all parts 


notions in a¢ 


of the celestial sphere, and 6 the distance from the zenith to that 
point of the heavens to whick the earth is moving, then we find 
between these quantities the equation,* 


cos «). 


Let 7 be the latitude of an observer, and A the hour-angle 
counting from the time when the point toward which the earth 
is moving is on the meridian, then when that point is on the 
equator we have cos «= cos / cos h. This will correspond to 
the mean of the year. Computing now the values of N,+n, on 
the several suppositions v'= v/2, v'= v, and v'=4v, for the lati- 
tudes of New Haven, and of Paris we have the following table. 
When v'= v we have orbits whose major axes equal those of the 
earth. When v'=v,/2 we have parabolic orbits. 

* After reading this memoir, I found that Mr. A. S. Herschel had obtained the 
same formula, 
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This estimate, and these numbers, taken strictly imply a mean 
velocity greater than that of a parabolic orbit. The character 
of the data does not allow the argument to be pressed. Yet we 
must regard as almost certain (on the hypothesis of an equable 
distribution of the directions of absolute motions), that the mean 
velocity of the meteoroids exceeds considerably that of the 
earth; that the orbits are not approximately circular, but 
resemble more the orbits of the comets. 

17. Number of meteoroids in the space which the earth is travers- 
ing.—We have found that, of the space through which the earth 
is moving, a volume equal to that of the earth (atmosphere 
included), contains a mean number of meteoroids expressed by 
the equation 

Ry 

In this equation V is the mean relative velocity of the meteor- 
olds. [If their absolute velocities were equal, and the points 
from which they come uniformly distributed over the heavens, 
we should evidently have 


9 


M=116:2 


2 


(v?-+-2 12 2yv' cosw)2 sin wdw—=v-+ 


For v’ we may use as an approximation the mean absolute 


velocity. If v=v’, then V= iv. If v' =vy?2, then v = §v. 
As the velocity seems to be greater than that of the earth, and 
more nearly equal to that of be dies moy ing in parabolie orbits, 
the latter value is preferred for y. On this supposition, and by 
neglecting 4, we find M greater than 14,000. If allowance be 
made for the space occupied by the earth’s atmosphere we find 
that, in the mean, in each volume of the size of the earth, of the 


space wich tie earth is traversing in its orbit about the sun, there 


are asmany as 13,000 small bodies, each t dy such as would furnish 
a shooting star visible under favorable circumstances to the naked eye. 
If telescopic meteors be counted, this number should be increased 
at least forty-fold. 

There seems to be little reason for supposing that the space 
near the earth’s orbit is very much more thickly strewn with 
these bodies than other parts of the solar system. That they 
are grouped according to some law, is altogether probable. But 
a velocity different from that of the earth implies, of necessity, 
that they are not grouped closely about the earth’s orbit. 

These bodies cannot be regarded as the fragments of former 

rlds. They are rather the materials from which the worlds 
are forming. If astronomy furnishes any measure of their total 
mass we may therefrom obtain some idea, rude though it be, of 


mean mass of the individuals. 
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solid at 20°C. They are soluble in hot water, alcoHol and ether. 
Their formation may be explained as follows: 
Carb Sulphate of 


Hippuric acid, Binoxyd 
lead 


H, 0. 

Hippuric and Benzoic acids are ti decomposed it heat 
ing them with an excess of superoxyd of lead and sulphuric 
acid, all carbon being driven off in the form of carbonie acid. 
The following are the products of the decomposition of hips 
puric acid by binoxyd of lead and sulphuric acid: 


0, 


I 
ppuric acid Bin xyd  Sulphuri Benzamid Carbo ic Sulphate of Waiter. 


acid aci lead. 


Bromine and Iodine on Hippuric Acid. 
An alcoholic solution hippuric acid, at a boiling heat, is 
reated with bromine; the solution is allowed to boil z a “te *w min- 
es-and water added, and then evaporated on a water-bath to 
one lf its volume. The yellowish brown color of the solution 
gradually disappears, and, on cooling, a white crysialline deposit 
is formed, which consists of fine needles plainly visible under 
the microscope. These needles are difficultly soluble in water, 
alcohol or ether, when cold, | eadily soluble in all of these 
media upon boiling. They are colorless; when moistened and 
allowed to stand for a short time at an ordinary temperature, 
they undergo decomposition and turn brown, owing to the sepa- 
ation of bromine. ‘Ihe aqueous solution has a st rongly acid re- 
action, and is not pre cipitated by , baryta, or the salts of 
copper. Upon being heated with causti : lime, the cr rystals emit a 
— odor of benzonitril, and a violet co lored oily liquid was 
forme ied, previous to which benzoic acid having a red color passed 
The erysta - dried in vacuo and burned with oxyd of cop- 
ll} in a stream of oxygen, gave the following results: 
0°2735 orms. gave 0°4160 grms,. carbonic acid and 0:083 grms. water. 
0°2760 orms. burned with caustic lime, gave 0°1995 grms. bromid of silver 
06855 grms. burned with soda-lime, gave 0°0405 grms. ammonia, 
Found 
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The salts of potash and soda could not be obtained in crystals. 
The salt of lime, ¢ L_CaBrN®@., crystallizes in fine white nee- 
dles, is difficultly soluble in cold water, readily so in hot water ; 
dried between 90° a 100°C, it was not decomposed. The 
analysis gave the following 1 : 03885 grms. of the dried 
crystals rave 00665 ca te OF lime, the formula as Gal- 
culated requiring 00692 
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emit white fumes, and then allow alcohol to drop in through the 
tubulure. As the temperature at which the acid begins to sub- 
lime is considerably below that at which it melts, this process is 
apt to result in breaking the retort. 

I was therefore led to seek for a better process, and have used 
the following repeatedly, with very satisfactory results. 

A tube of an inch or more in diameter, and of a proper length, 
is drawn out at one extremity, and at the same time bent to an 
angle, somewhat as in the ordinary form of a combustion tube, 
except that the bent part is made less slender, and shorter (} inch 
diameter at extremity). The tube is then completely filled 
with dehydrated oxalic acid, « xcept for the last twoinches at the 
open end. ‘This is closed with a cork penetrated by atube. For 
this purpose the cork is not bored parallel with its axis, but in 
an inclined direction, so that the smaller tube when inserted two 
or three inches may touch the side of the larger. This last is 
then supported in a horizontal position over a gas combustion 
furnace, so that the bent end may be directed upwards, and the 
cork turned so that the small tube may touch the upper side of 
the interior of the large one. The tube should be supported 
about six inches above the wire gauze of the furnace. The bent 
end of the tube is now connected with a Liebig’s condenser, and 
the small tube with a flask containing alcohol of 42.B. The fur- 
nace is then lighted, and as soon as the acid melts, a stream of 
alcohol vapor is sent over it by heating the flask. The gas-fur- 
nace is maintained at a heat such that a very gentle ebullition 
shall be kept up in the tube. At theend of an hour to an hour 
and a quarter the operation is terminated, and the oxalic acid in 
the tube is converted into oxalic ether. The distillate also con- 
ti be separated by water, 
yut which may be used for preparing oxamid. Or the distillate 
may be gently evaporated to one-tenth its bulk, and then may 
be mixed with a little water. 

This process gives an abundant product, and requires no at- 
tention after the proper temperature is once adjusted. In filling 
the tube with the oxalic acid, it is not necessary to leave an air 
passage; the material settles in fusing sufficiently without. The 
oxalate of ethyl, which is a little brownish, and contains the 
usual impurities of the crude product, may then be purified in 
the ordinary manner. 
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To apply the binocular principle to the eye-piece of a micro- 
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spective which obtained in that first experimental arrangement 
for a binocular microscope. Such a binocular eye-piece used in 
the microscope upon transparent objects only occasionally gives 
the view in depth thus inverted. With low powers, and consid- 
erable thickness of the transparent object, the view is usually 
pseudoscopic. With medium and higher powers, it is otherwise ; 
and the effect is much controlled in this respect by the direction 
of the light upon the object. 

When the binocular eye-piece formed with rectangular prisms 
is used in the telescope to view a landscape, the perspective is 
not throughout inverted, but portions of the field appear in- 
terposed between the eye and nearer objects in a singular and 
somewhat startling manner. 

By arranging the compound rectangular dividing prism so 
that the optical pene il is divided in the plane of — instead of 
vertically, the pseudoscopic effect is almost entirely obviated. 

In constructing the binocular eye-piece, the e prisms and arrange- 
ment of Nachet have been found to answer every condition and 
requisite of binocular vision. The dividing prism being placed, 
as before stated, at the point of crossing of pencils in the erect- 
ing eye-piece, each pencil of light will enter the small dividing 
prism and impinge u ipon its reflecting surfaces in a manner simi- 
lar to that — trated in the Nachet binocular microscope. The 
binocular eye ce has greatly the advantage over the other 
arrangement, a or when the prisms are p laced in the binocular 
body tad y above the obj live, tneir position, in order to se- 
cure a proper division of each transmitte d pe neil, should change 
with every Change of o tive used—which can be easily pro- 
vided for in the case of low powers but is rather impracticab le 
with the higher numbers, it being very difficult to bring the 
prisms sufficiently near to the posterior combination of the 
objective. On the contrary, when the binocular arrangement 
is embodied in the eye-piece, the Pp rism being once fixed in 
proper position, as before described, is correctly placed for 
every power of objective, and the eye-piece, thus binocular in 
form, is as ap plicable through the whole range of powers as if 
it were monocular. Ap} lied to h igh powers, only one condition 
would be litiagtisbingly critical in the case of the eye-piece,— 
that of the centricity of the central prism. The form of erecting 
yep yiece found most advantageous in this binoculai adaptation 
is a duplication of the ordinary Huyghenian ne gative eye-piece, 
wherein the small dividing prism is very near! ly at the eye-hole 
point of such a negative eye-piece as is ordinarily ap plied in the 
monocular mic roscope. Ata proper distance above this is placed 
another negative eye-piece, in which is formed a second imgge 
of the object viewed. 

This form of erecting eye- 
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body of the microscope than the positive form, and for that reason 
is preferred 

The annexed diagram illustrates 
the division of one lateral pencil 
proceeding from one point of the 
first image formed in the eye- 
and its general course to eme 9 
at the two eye surfaces 
piece. W hen the eye- 
structed of the fo 
annexed diagran 
half size in the superi 
the field is produced very satisf; 
torily, and of tolerable expansio1 
and does not necessitate more than 
inches exte1 tk 
microscope bod. 
can be as wel! 
eye-piece occupy t : 
minishing somewhat the to 
tent of the instrument. 
proper modifications of 
of lenses placed before the 
in the eye-piece, the whole 
lar arrangement can be brought still nearer the objective, and 
retain also all the characteristics of the binocular eye-piece as 
contradistinguished from the binocular microscope known and 
in use. 

The objection that | light must occur on account of the 
additional front systen lenses pertainil an erecting eye 
piece, (the lower system in the diagram,) of course militates 
against this arrangement; but there are, on the other hand. inci 
dental advantages in the use of the erecting form. And moreover, 
if desirable, the “ evye-le1 f th lower system can be success: 
fully united with the dividi prism, hus e] minating two sur- 
faces; and it is practicable to make the field-lens of each upper 
system solid with the opposite prism. The binocular erecting 
microscope would thus have no more refracting surfaces than the 
instrument of negative form and binocular body. As the object 
1s, for the sake of ef 1c1e y W itn a high »V er objective, to oive 
as large area to the transmitted pencil as pe ssible at the point 
where it underg ; division in he smal] 7 rism, therefore the 
power of the front system should be kept down, and am plifica- 
tion, as far as necessary in the eye-piece, be produced after the 
division has taken plac The accompanving cut is in this re- 
spect not in strict proportion—the j 2m of lenses being 
represented not more than half the distance apart that the 
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most favorable arrangement for use with high powers (and 
equally with low) would call for, and the standard length of 
But the aperture of the lenses might 


microscope body admit of. 
remain about the same. 

Having obtained by this means a pencil (or beam rather) 
ransmitted through the eye-piece of the greatest possible di- 
mension or area, at the point of binocular division, greater 
amplification in the eye-piece, as to its total power, might be ad- 
vantageously effected by means of lenticular immergent and 
emergent surfaces of the upper prisms; the lower face of each 
prism to be convex, the upper emergent surfaces concave, giving 
achromatized refraction in each case. By this means, a larger 
field, together with a minimum length of tubes above the prisms, 
would be secured. 

By thus appropriating every surface of all the prisms not a 
reflecting surface, for the purpose of lenticular refraction, the 
greatest aggregate advantage appears to be secured. 

Applied to the telescope, the binocular eye-piece should of 
course have, and practically has, the same characteristics as 
when used in the microscope. In this case, however, the front 
lens of the eye-piece can be dispensed with. Its utility, as thus 
applied to those telescopes too large to be conveniently in the 
double form, is too obvious and striking to need remark. The 
view thus obtained is truly stereoscopic. 

Canastota, N. Y., Dec. 1864. 
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1. On the wave lengths of Fraunhofer’s lines.—-Axastrém has com- 
municated to the Royal Swedish Academy of Sciences a memoir on the 
wave-lengths of the principal fixed lines in the solar spectrum, which 
possesses great value not merely as a revision of Fraunhofer’s determina- 
tions, but also as containing data not hitherto to be obtained. The 
measurements which form the basis of the work were executed by means 
of an optical theodolite by Pistor and Martins, reading by means of two 
microscopes to 2'1 of arc. The eye-piece was also provided with a mi- 
crometer, the head of the screw being divided into 100 equal parts, each 
division of the scale corresponding to 1'°308 for parallel rays. Tke 
ruled glass was by Nobert, and contained in a space of 9°0155 Paris 
lines, 4501 divisioris, drawn with a diamond. The error of the division 
according to Nobert’s measures, was less than 0°10002 of a Paris line. 
With this ruled glass Fraunhofer’s lines could be seen in the third and 
fourth spectra, the lines being themselves more numerous and distinct 
than in the spectrum produced by a flint glass prism. The observations 
were calculated according to the well known formula 
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In the concluding section of his memoir the author points out a method 
of determining the motion of the solar system by observing the interfer- 
ence bands produced by a ruled surface of glass. The principle of this 
method was laid before the Swedish Academy, Oct. 6, 1860, and was 
proposed by Babinet two years ago in the French Institute. It depends 
simply upon the fact that if we assume that the rays which pass through 
the openings in the ruled surface are propagated independently of the 
motion of the: instrument, the same must be true of the interference 
bands, and consequently, in observing with the telescope, an aberration 
must ensue proportional to the relation between the motion of the ftele- 
scope perpendicular to its axis and the velocity of the light in the diree- 
tion of the axis. The results obtained in testing this method appear to 
confirm the correctness of the theory, but are not sufficiently numerous 
to be decisive. The author proposes to resume the subject under more 


favorable circumstances of weat)er.— Poe g. Ann., exxiii, 489. W. G. 


aks taken in connection with 
that of Angstrém, will present to the reader, it is believed, all, or almost 
|, the exact knowledge which we have at present of the subject. The 
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7680 Mascart. ls. «’ Hg Pliicker. 
6897 Fraunhofer 19. 
6763 Miller. 20. 
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ference plate, as Brewster and Airy have done, between the eye and the 
eye-piece of the telescope, only, when the astronomical or inverting eye- 
piece is used, the plate of glass or miea must be placed upon the side 
which is away from the edge of the prism. Glass plates of the kind 
used as covering glasses for microscopic preparations are more even than 
plates of mica and give much sharper lines. The interference plate may 
be placed anywhere between the eye and the slit of the collimator. By 
attaching it to the objective on the side toward the refracting edge of the 
prism the lines are seen at once over the whole spectrum. It is import- 
ant, in the case of thick plates, that the surfaces should be parallel. A 
glass plate about three millimeters in thickness with a flint glass prism of 
60°, gave about 2500 very sharp and distinct bands between B and H. 
The bands near B are produced by the interference of rays whose differ- 
ence of path amounts to over 2700 wave-lengths, while the interval be- 
tween those near H amounts to more than 5000 wave-lengths. By in- 
clining the interference plate its optical thickness is of course changed ; 
an increase of the inclination causes the lines to run from the violet to 
the red end of the spectrum, and vice versd. The lines have their maxi- 
mum deviations when the plate is perpendicular to the direction of the 
ray, and this affords an easy method of adjustment. As the plate may 
be placed anywhere between the objective and the prism or between the 
prism and the collimator, we have the means of determining the influ- 
ence of physical changes produced in the plate by heat or pressure. The 
same statements apply in general to the phenomena as seen by the dif- 
fraction spectrum. Finally it is possible to produce the interference 
bands by placing the plate in front of the slit so as to cover one-half of 
the opening. In this case it is a matter of indifference upon which side 
of the slit the plate is placed—Pogg. Ann., exxii; from Sitzungs Ber. 
der kais. Akad. der Wiss., xlix. W. G. 

3. On thermo-electric batteries of re markable power.—Bunsen has 
found that kupferkies possesses a far higher place in the thermo-electric 
series than bismuth, and that pyrolusite is also superior to the metal 
though inferior to kupferkies. When kupferkies is combined with an 
alloy of two parts of antimony and one of tin, or, in order to employ 
high temperatures, with copper, a couple is produced which, under equal 
circumstances, gives far more powerful currents than any combination 
hitherto known. In four experiments the ratio between the electro-motive 
forces in a kupferkies-copper element and in Daniell’s battery was found 
to be as 1:14°7, 1: 11°9, 1: 10°9, and 1:9°7, while the essential resist- 
ances to conduction were 0°74, 0°79, 0°72, and 0°72. During the experi- 
ments the temperature of one end of the element, which was plunged 
into water, was about 60° C., while that of the other end was above that 
of melting tin. The battery gives a ten times more powerful action than 
a bismuth-antimony element of the same resistance heated to 0° and 
100°. Ten pairs of the kupferkies-copper elements fully replace a Dan- 
iell’s pair of fourteen square centimeters of active copper surface. Kup- 
ferkies is easily fused at a high temperature and may be cast in a mould, 
but its place in the thermo-electric series is then far below that of bismuth. 
The native mineral, which is easily worked, must be employed. Pyrolu- 
site combined with platinum gives a battery, the electro-motive force of 
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very striking manner, and we earnestly hope that his excellent example 
may be followed in other branches of science. Meantime we will permit 
ourselves to beg that the faithful laborer in the cause of science and the 
liberal publisher to whom we owe this volume will still further add to the 
obligations under which they have laid men of science by giving a com- 
plete collection of the mathematical papers which have appeared upon 
the subject of the mechanical equivalent of heat, and which are now 
scattered through many volumes of scientific journals and transactions of 
learned societies, so as to be accessible to few and inconvenient for all. 

6. A new developing solution Some experiments recently undertaken 
in company with Mr, A. B, Crockett for the purpose of ascertaining the 
quality of different developing solutions, have led us to the conclusion that 
a mixture of double sulphate of potash and iron with double sulphate 
of ammonia and iron, produces better results than any hitherto used. 
The negatives made by this combination are remarkable for clearness of 
the shadows, and beauty of half tones, without an excess of intensity in 
the high lights. The solution acts with remarkable regularity and uni- 
formity, and has little or no tendency to produce fogginess, or a thicken- 
ing of the fine lines, even when kept upon the plate for a long time. 

In practice the following formula was found most convenient. Although 
not theoretically exact, it produces excellent results. 


Pure water, - - - - - 32 oz. 
Neutral sulphate of potash, 

Proto-sulphate of iron, - - - 

Double sulphate of ammonia and iron, - 


To this solution add two drops of ammonia, two ounces of acetic acid, 
and alcohol sufficient to make it flow evenly over the plate. A. E. V. 


Il. GEOLOGY. 


1. Note on the Geological age of the New Je rsey Highlands as held 
by Prof. H. D. Rogers ; by J. P. Lestry.—The last sentence of an ar- 
ticle in the January number of the American Journal of Science, (at p- 
97,) extracted from the Proceedings of the Natural History Society 
of Montreal, seems to me to do great injustice to Professor H. D. 
Rogers, and other geologists, whose views of the structure and rela- 
tionships of the rocks of the Highlands have long been published, and 
are in this article both ignored and misrepresented. The sentence to 
which I refer reads as follows :— 

“This conclusion, although opposed to the views of Mather and Rogers, 
who looked upon the crystalline rocks of the latter region [the High- 
Jands, to which the interesting mineral region of Orange county and the 
adjacent parts of New Jersey doubtless belongs] as altered Lower Silurian 
strata, is in accordance with the older observations of Vanuxem and Keat- 
ing, and with the more recent ones of Professor Cook, according to all of 
whom the gneiss and crystalline limestone of Orange county and of New 
Jersey underlie unconformably the Lower Silurian strata.” 

Now Prof. Rogers, to my certain knowledge, not only never expressed 
such an opinion, at any time, but has always maintained just the reverse ; 
and proved, thirty years ago, what he published on page 43, (Chap. 2,) of 

Am. Jour. 8ct.—Seconp Series, Vou. XXXIX, No, 116.—Marcn, 1865 
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his New Jersey Report, in 1840, viz: that the “sedimentary rocks [of 
the Lower Silurian system] repose in immediate contact with the gneiss, 
presenting from the attitude of their beds, abundant evidence that they 
were precipitated upon it [that is, upon the system of the Highlands in 
New Jersey] while it was yet only in part elevated above the waters.” 


The Canadian geologists will find in these words a clear statement of 
precisely the view which they themselves have learned to entertain by 
their week’s excursion last summer. 

Whatever errors Rogers may have made—and we all make errors—no 
one can charge him } Vv itl » tremendous a Diu er as that of re- 
garding the Highland range as a metamorphic repetition of the Silurian 
sediments. Le mistook indeed the crystalline limestones engaged among 
the Highlands fur meta: yu No. Il, as at 
Franklin (see page 62, Jersey Report); but this is an exceptional 


case, as any one can see by studying the 2 outlying Silurian syvclinals 


represented as sunk among the yn hil Rogers’s long sections In 
the New Jersey Report; or by referring to many sections (made very 
nearly at the same time) of the synclina! Silurian valleys among the Dur- 
ham hills of Pennsylvania. rote yk h seen horizontal Pots- 
dam or Calciferous ng these upt 1 Franklin limestones: 
(see this Journal, [2], xxxii, 2 ; and there are exposures of sim- 
ilar crystalline limestones, west , where the evidence is 
rather in favor of, than against, th ibsilus age. But Prof. Rogers’s 
syuthesis of Appalach eology was on too grand a scale to permit him 
to overlook as a whole and in th n the wu relatiouship of the 
Silurian and Azoic Systems. he rl hi jave quoted above are 
immediately follows by others sb ing how cle: i | iarge a view he 
took of the subject, H jew which th inadian oe istS are only illus- 
trating :— 

“ As the same strata [the Silurian], moreover, hold asimilar relation to 
our primary roc] hroughout their entire range, from Vermont to Ala- 
bama, separated from them by no other group of strata yet discovered, 
claiming an earlier origin, I have deemed it expedient, for the sake of 
classification, to confer upon them the title of the Older Secondary strata 
of the United Scates.... with the synonyme of the Appalachian Sys- 
tem of Strata.” (p. 44.) 

On page 12, Rogers design: 1@ Highland rocks as the “ Gnerss 
system,” and, on page 13, carefully distinguishes them from the Staten 
Island, Trenton, Vhiladelp!| ks, on the south, as he subsequently dis- 
tinguishes them from the Potsdam, Trenton, and Hudson river Silurian 
on the North. On page 11, he gives his column of Formations, and 
places the “ Primary Rocks” of the Highlands, underneath No. 6, of the 
“ Tower Secondary Rocks ;” “a white quartzose sandstone, somewhat 
coarse and friable: occurs only in a few localities” ; and pages 12 to 43 
are devoted to a Chapter on these rocks, under the heading “ Primary 
Rocks of the Stute Geology of the Highlands.” 

In fine, no ge ologist, even of smal! capacity, could study the New Jer- 
sey Highlands, the Durham Hills of Eastern Pennsylvania, and their 
continuations in the South Mountain and Blue Ridge, and even conceive 
the suspicion, much less publish it as a conviction, that their strata were 
metamorphie representatives of the Silurians. We know very well 
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that to say that Rogers thought or said-such a bétisme is to do him gross 
injustice. 

East of the Hudson, there seems to have been made by Rogers, Hall, 
Logan and many others, all, in fact, except Emmons, a gross mistake of 
this kind, owing to peculiar circumstances, principally the presence of & 
great fault of unknown size and location, secondly, by the obliteration of 
the usual fossils from the top-slates (“ Hudson River”) of the Lower Silu- 
rian System, and thirdly, by a serious change in the Lower Silurian group 
itself, viz: its expansion in thickness toward the northeast, which made it 
at first to be confounded with the true Highland gueiss-range running 
behind it. But in Southern New York, New Jersey, Pennsylvania, and 
farther south, no such mistake was possible, and at least was never made 
by Rogers. In fact he had enjoyed such advantages for studying the phe- 
nomena of this very belt that he was just the last man in the world who 
could have made it. 

I think the above reclamation is due, in his absence, to Professor Rog- 
ers, Whose untiring energy and devotion to Appalachian geology did so 
much to lay fundamental views, which our Canadian friends will find it 
beyond their power to do more than illustrate. I wish they would try 
their hand at bearing the veritable crux criticorum of our geology, the 
age and relationships of the Philadelphia-Baltimore belt. There is also 
something to do about our Potsdam sandstone. For as to the patches of 
so-called Potsdam on the North face of the Highlands at Reading—the 
long ridge of Potsdam crossing the Schuylkill, 15 miles above Philadel- 
phia—the cliffs of so-called Potsdam at Chieques rock, on the Susque- 
hanna, two miles above Columbia-—the supposed Potsdam at the an- 
ticlinal of the Nittany Valley, crossing the Juuiata near the foot of the 
Alleghanies—I think it is very doubtful, in spite of the Scolithus linearis 
which they contain, whether these correspond exacily to the New York 
bottom layer of the Silurian. The structure of the Chester county val- 
ley, of white marble, with a Potsdam barrier on the north and a mica 
slate and serpentine country on the south, is a great puzzle. If Sir Wil- 
liam Logan and Prof. Hall will take ¢hese in hand they will run small 
risk of doing injustice to anybody. 

At the same time, it is very satisfactory to have a well trained Cana- 
dian eye, familiar with Laurentian lithology, after taking a good look at 
our gneissic mountains, pronounce them certainly Laurentian and not 
Huronian, and to receive from the same high authority the announce- 
ment that the Sillery sandstones and other prominent members of the 
Quebec group, disappear, coming this way, at about the latitude of the 
Hudson Gap. For we have been looking for their representatives in 
Pennsylvania, in vain; although Emmons is understood as identifying his 
Taconic system with the rocks of the southeast side of the Great Valley. 

Philadelphia Jan. 13, 1865. 

2. Skulls of the Reindeer Period from a Belgian bone-cave, indicating 
a superior, as well as an inferior, race of primitive men in Europe.—Prot. 
Van Benepey, the distinguished zoologist of Belgium, in recent explora- 
tions In caverns, has found, as he writes to Jolin Lubbock, Esq., of Chisel- 
hirst, Kent, crania of two distinct pre-historic races, of the Reiudeer period, 
and one of them, that least ell preserved, “est franchement brachy- 
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cephale et prognathe, mais avec une belle boite crapienne.” The cavern 
is in the Carboniferous | mestone, 30 or 40 meters above the level of the 
Lesse. A large number of human remains were found.—Reader, Jan, 7. 

8. Casts of fossils.—Prof. H. A. Warp, of Rochester, New York, is 


contributing greatly to the diffusion of a knowledge of geological science 


through the country, by furnishing casts, made under his direction, of 
fossils of various kinds, froun-those of the Megatherium, Dinotherium, 
Glyptodon, and others of gigantic dimensions, to those of Ammonites, 
Trilobites, ezgs of A nis, Gold nuggets, ete. The casts are remark- 
ably well made, firm y secured against breaking, and of | oh finish. All 
institutions in which geology is ta ight, would find it greatly to their ad- 
vantage to supply themselves with some of the Rochester casts. 

4. Geological Surve F Canada, Sir W. E. Locan, Direcior. Figures 


and Descriptions of Cunadian Oraa Remains, Decade II: Graptolites 
of the Quebec Group, by James Haut 152 pages, 8vo, with 21 plates 
and many wood-cuts. Montreal, 186 Dawson Brothers ; London, New 
York, and Paris: Ba fhe first, third and fourth Decades of the 
figures and descriptions of Canadian Organic Remains, published as a 
part of the Reports of tl (reolog il Survey of Canad 1. were issued in 


the years 1858, 1859, as nnounced in this Journal in vol. xxvi, at Pp. 
299, and vol. xxviii, at p. 148 The second Decade, just now published, 
contains an elaborate and extended memoir on the Canadian Graptolites 


by James Hall. The wonderful variety of these fossils afforded by the 


Quebec group has enabled Prof. Hall to throw great light on the growth, 


development and structure of Gi iptotites, lhe numerous plates con- 
tain full and excellent strations of the species. The number of species 
recognized in the Quebec group is over fifty, and none of these are known 
higher in the series. In th lrent ind Hudson River groups the whole 
number known is about thirty, and in the Upper Silurian there are but 
two (and these occur in tl { nton group), exc | ting’ the species of the 


genus Dictyonema, her referred by Ha ~of which there are three species 
in the Quebe group, ene in the Trent n, three in the Niagara, one 1n the 


upper Helderberg and ¢wo in the Hat 
5. Alger’s Cabinet of Mineral The excellent Cabinet of minerals 


nade by the late Francis Alger, of Boston, has bee purchased for Alle- 
ghany College, Meady Pennsylvania. 


1. Harvard University Herbai This establishment is noticed in 
the Annual Report of the P: lent of » University to the Board of 


Overseers, made in January last, as { WS 
“Dr, Asa Gray has pi nted to the University his invaluable Herba- 
rium and his Botanical | ry: which have been safely transferred to 


the fire-proof building furnished, at a cost of over twelve thousand dol- 
lars, by the generosity of Nathaniel Thayer, Esq., of Boston. A fund 
has also been raised by subscription, for the support and increase of the 
collection. ... The ott of Dr. Gray « innet be estimated in money, but 


it embraces the results of many years’ labor faithfully given by that dis- 
tinguished botanist, aided by the generosity of his collaborators and cor- 


respondents in various parts of 


Botany and Zoology. 225 


The collections were formally presented by the following letter :— 


“ Botanic Garden, Cambridge, November 30, 1864. 
“To the Rev. Dr. Hitt, President of Harvard University, 

“ My Dear Sir :—I have the pleasure to inform you that the Herbarium 
and Botanical Library, which a year ago I offered to present to the Univer- 
sity, are now safely deposited i in the buil ling erected for their ree eption by 
Mr. Thayer. I have regarded them as be longing to the University from 
the beginning of the pewyh. year: but I wish more formally to make 
them over to the President and Fellows, as the foundation of the Har- 
vard University Herbarium. 

“The Herbarium is estimated to contain at least 200,00 specimens, 
and is constantly increasing. From the very large number of typical 
specimens it comprises, its safe preservation is very important. 

“The Library, from the rough catalogue which has been made out, 
contains about 2200 botanical works—perhaps 1600 volumes, and nearly 
as many separate memoirs, tracts, &e, 

“The current expenses of the establishment for the first half of the 
year now drawing to a close have been defrayed by Dr. Jacob Bigelow, 
who placed in my hands a special donation of two heniieed dollars for 
this purpose. 

“T had stated that the income of a capital sum of $10,000 would be 
required to Gefray the current expenses of the Herbarium, i, e. fur the 
purchase of certain collections and books uot obtainable by exchange, 
for freights and charges, paper, alcohol, fuel, &e. Iam informed that 
this sum, which Mr. George B. Emerson undertook to raise by subserip- 
tion, is substantially secured. It is desirable, but probably not at this 
time practicable, that this endowment should be so far extended as to 
provide for the services of a Curator, so that I could myself devote valu- 
able time to the prosecution of important botanical works for which I am 
prepared, and to which I am pledged. 

“T have the honor to be, with great respect, very truly yours, 
Asa Gray.” 

We understand that extensive collections of botanical specimens, to be 
added to the herbarium, have recently accrued. Among them are— 

A full suite of Mr. Charles Wright’s collections, (about 2500 speci- 
mens,) made in Cuba during the past four years, and just now arranged 
and distributed among botanists. 

A very interesting set of plants recently collected, chiefly by Professor 
Brewer, in the Geological Survey of California under Professor Whitney. 

The numerous and important duplicate Carices, (and other Cyperacee,) 
of the late Dr. Boott, presented by Mrs. Boott; the proper herbarium, 
set of Curices having been bequeathed to the herbarium of the Royal 
‘Gardens at Kew. 

A large collection of plants of Mauritius and Madagascar, and a con- 
tinuation of the distribution of the British East Indian herbaria of Grif- 
fith, Helfer, &c., presented by the directors of the Royal Botanical Gar- 
dens and Herbaria at Kew. 

A similar distribution (in continuation) of plants of the Dutch East 
Indies and Japan, from the Royal Netherlands Herbarium, Leyden, now 
under the charge of Professor Miquel 
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er informs us, is “ well-known from an anecdote connected with its arrival 
there.” 

“It appears that about one hundred and thirty years ago, viz. in 1737, 
M. Bernard de Jussieu, the celebrated botanist, when travelling in the 
Holy Land, had brought away with him, from among the cedars of 
Mount Lebanon, a little seedling. Being unprovided with better means 
of conveyance, he made a flower pot of his hat, in which he planted tt. 
He got It safely on board the vessel in which he sailed for France; but 
tempestuous weather and contrary winds drove the ship out of her 
course, and prolonged the voyage so much that the water began to fail,” 
.... And the narrative goes on, at great length, to say how the passen- 
gers were reduced to the allowance of half a glassful of water a day,— 
how Jussieu, “all through the. lengthened voyage, under the bright sun 
of the Mediterranean, shared his half glassful of water with his little 
plant,”—how * his own strength began to sink under the prolonged pri- 
vation, but he never flinched, and arrived at Marseilles with lis own 
health damaged, but with that of his little plant uninjured,”—how it is 
said that he came near losing his treasure throngh the incredulity of the 
custom house officers, wlio suspected a contrivance for smuggling jewels 
or prohibited articles under the roots of the seedling ;—how his entreaties 


=? 


and eloquent appeals at length prevailed, and he was allowed to carry 
his seedling undisturbed to the Jardin des Plantes, where it was planted, 
and became a great and famous tree ;—how it grew and flourished until 
it reached one hundred years of age and 80 feet in beight; and, finally, 
how “in its hundredth year (1837) ¢t was cut down to make room for a 
railway, and now the hissing steam-engine passes over the place where it 
stood.” (The italics are our own.) 

Of course, it is almost unnecessary to tell our readers that Bernard 
Jussieu never visited the Holy Land, and was not likely, if he had, to 
come home bare-headed, using his hat the while for a pot ; that the fact, 
or at least the accepted tradition, is merely this, that he brought the 
seedling Cedar from Eugland to Paris in his hat. The story of the voy- 
age from the Levant to Marseilles appesrs to be an adaptation of one 
about the three Coffee-plants, which Antoine de Jussieu, in the year 1720, 
sent from the Jardin des Plantes to the vessel commanded by Capt. De- 
clieux, who was charged by the French Government with the duty of 
transporting them to Martinique. The voyage being unusually long, the 
water is said to have given out, two of the precious plants died, and the 
remaining one is said to have been kept alive by the devotion of the 
Captain, who bestowed upon it his own scanty ration of water, and so 
preserved the ancestor of all the coffee-plantations of the Antilles. For 
this devotion, we presume, his name is commemorated in the genus De- 
clieuxia, of the Coffee Family. 

What are the other ingredients of this pol-pourrt we are unable to 
conjecture. But the naturalists of the Jardin des Plantes may be some- 
what astonished to learn that a railway traverses their peaceful groun:'s, 
and that a hissing steam-engine runs over the steep little hill upon which 
flourished, and as they fondly imagine still flourishes, Bernard de Jussieu’s 
Cedar of Lebanon. 

We learn from this same article, farther on, that ‘‘ poor Douglas,” the 
botanical explorer of Oregon and California, “ perished at last in a pit- 
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gigantea, which they still call Wellingtonia in Scotland) is full three 
hundred feet! 

3. Calluna vulgaris in Newfoundland.—Mr. Murray, late of the Geo- 
logical Survey of Canada, and now engaged in a s vey of Newfound- 
Jand, has brougit to Montrea specimens of this plant, which were col- 
lected by Judge Robinson, on the east coast of Newf indland, near Fer- 
ryland (lat. 47°, long. 52° 50’), and which are stated to be from a small 
patch of the plant not more than three yards square, 
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Mr. Trouvelot has yradually creased his stock from year to year, by 
raising young from the eggs of the few individuals first captured, until 
he has at present seven wagon-loads of cocoons, the entire progeny of 
which he proposes to raise Curlng the coming season, 
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IV. ASTRONOMY AND METEOROLOGY. 


1. Shooting Stars of Nov. 11-14, 1864.—Since the last No. of the 
Journal of Science was issued the Committee on Meteors of the Con- 
necticut Academy of Arts and Sciences have received, by letter from Prof. 
B. Silliman, dated in California, the following observations obtained by 
him, while in that part of the country :— 

First ; Observations at Virginia, in Nevada, made by Mr. Ricuarp H. 
Srretcn :—WVov. 12th. One observer. Three hours watch, from 1» 15™ 
a.M. to 45 15™ a.m. Eighteen shooting stars were observed. Twelve 
were conformable to the well-known radiant in Leo, although four of the 
number exhibit Jarge deviations. But the deviations are about equal, 
on either side of the radiant. Of the number that were not conformable, 
five had their courses directed from an area, 34° in diameter, in the same 
general quarter of the heavens, but far to the north,—in fact, centered 
about 1° N.W. of 8 in U. Major. Only one—and that of small magni- 
tude—exhibited no tendency from the common radiant. All were yellow, 
except one that exploded with a beautiful green light. Nearly all ap- 
peared as brilliant points of light,—and six of the number were as con- 
spicuous as stars of the first magnitude; also four of the latter were 
remarkable either for scintillations, or explosion, or broad trains attending 
them. These four were of the twelve first above mentioned. 

Nov. 13th.—The same observer. His watch was begun at 12 45™ a. m. 
In one hour and eight minutes twenty-two falling stars were seen through 
the moonlight. Afterward twenty-four more were observed, during a 
time not stated, but ending, not improbably, about 4" a, m.—as on the 
morning preceding. Excepting No. 22, at 24 53™, all appeared as points 
of yellow light. Mr. Stretch has illustrated the phases of this No. 22, 
by three sketches. It exploded like a rocket, its tail dropped, and grew 
shaggy and broad, it turned from yellow to red, shaping itself, at first, 
like the horn of an ox, and finally like a corona; or, more nearly like a 
blunt crescent occupying three-fourths of a circle, with the left hand 
branch exceeding the other one-half in length, but of much less curva- 
ture. The duration was three-quarters of a minute. : 

It is remarkable that the entire group was conformable to a common 
tadiant; although eight of the forty-six—and only eight—show a large 
deviation—a part to the east, but more to the west. This radiant, how- 
ever, was in A. R. 156° and N. Dec. 24°,—or nearly seven degrees of are 
eastward by northward of its ordinary situation, This position, and the 
same of the 12th, are derived from the very neat charts which accom- 
pany the observations of Mr. Stretch, and which have every meteor’s 
flight traced clearly and numbered upon them. 

Second ; Observations at Shasta, Nevada, made by Mr. G. K. Gop- 
FREY. Nov. 14th.—Time, from midnight until 2 a. m., certainly, and 
probably until later. At midnight Mr. Godfrey had his attention at- 
tracted, “ while riding into Shasta, by the falling of innumerable stars.” 
Of these he counted “ some fifty,” but the time of counting is not stated. 
Occasionally a star “shot off to the east with great velocity, leaving a 
brilliant trail behind. There were some which “cast a bright scintilla- 

Am. Jour. Sci1.—Seconp Serres, Vou. XXXIX, No. 116.—Manrcu, 1865. 
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(probably of the graphitic form), 9:06 p.c¢. of water and 5°30 p.c. of 
matter soluble in water, consisting of chlorids of ammonium, sodium and 
potassium, and sulphates of magnesia, soda, ete. It is decomposed by 
chlorhydrie acid with evolution of sulphuretted hydrogen giving a green- 
ish yellow solution and leaving a black residue amounting to 7°6 p.c¢.; 
this residue when heated with excess of air burns and leaves a gray sub- 
stance amounting to 2°2 p. ¢. 

Pisani confirms the observations of Cloéz as to the peculiar comport- 
ment of this stone when treated with water, and calls attention to its 
porosity, and to the fact that this accounts for the facility with which the 
sulphids have become oxydized to sulphates and hyposulplites, and for 
the avidity which a dried specimen of it has for water. An experiment 
showed that a specimen dried at 110° C, absorbed 7 p. c. of water in a 
few hours when simply exposed to the air. Pisani found 3°35 p. ¢. of 
matters soluble in water in operating on about 18 grams of the undried 
substance. This contained hyposulphurous acid 0°48, sulphuric acid 1°40, 
chlorine 0:08, magnesia 0°30, lime 0°16, potash 0°60, soda, ammonia, ete., 
and loss 0-77. Alcohol took up 0°37 p. ¢. which proved to consist chiefly 
of sulphur, Pisaui’s tabulated results give for the composition of the 
whole meteorite: 

Si Mg Fe Mn Ca Na K Al 
26°08 17°00 6:96 0°36 1°85 2:26 0°19 0°90, 


together with chromic iron 0°49, magnetic iron 12°03, nickeliferous sul- 
plid of iron 16°97, water and supposed organic substances 14°91=100. 


This gives for the oxygen ratio of the oxyds and silica 9°98: 13°90==3 : 4. 
Pisani proved the presence of magnetic iron by dissolving the mineral 
in hot nitrie acid which decomposed the silicate and the sulphids, and left 


a black magnetic residue. The nickel was proved to exist as sulphid by 
treating the substance with sulphid of ammonium, which dissolved out 
sulplid of nickel. The stone contains 55°60 p. ¢. of silicates, and taking 
into account the water determined by Cloéz, the oxygen ratio of the sili- 
eate is that of serpentine. If the alumina is due to anorthite it will give 
2°42 p. ¢. of this feldspar contained in the meteorite. Subsequent olserva- 
tions by Des Cloizeaux, Pisani, Daubrée and Cloéz prove that this re- 
markable meteorite contains minute rhombohedral crystals of a double 
carbonate of magnesia and iron, and Cloéz obtained a little more than 
half of one per cent of carbonic acid from a portion of the meteorite 
operated upon.— Comples Re ndus, May 30, J uly 18, and Nov. 14, 1864. 
G. J. B. 

4. Shooting Stars of Jan, 2d.—On the morning of Jan. 2d, 1865, 
shooting stars were sufficiently numerous to attract the attention, at New 
Haven, of those who were not aware that unusual numbers were looked 
for on that morning. 

§. Discovery of another Asteroid, Alcmene, (#2 .—Another small planet 
was discovered by Luther, at Bilk, on the 27th of November, 1864. It 
has been named Alemene. Oppolzer of Vienna gives the following ele- 
ments of its orbit, computed from observations of Nov. 27th, Dec. 3d, 
and Dee. 8th. 
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chamber, and both are conducted through passage outlets at one end of 
the furnace, where mingling, they burn, producing the heat due to their 
chemical action. Passing “onward to the other end of the furnace, they 
(i. e., the combined gases) find precisely similar outlets down which they 
pass ; and traversing the two remaining regenerators from above down- 
ward, heat them ivtensely, especially the upper part, and so travel on in 
their cooled state to the shaft or chimney. Now the passages between the 
four regenerators and the gas and air are supplied with valves and deflect- 
ing plates, which are like four way-cocks in their action ; so that by the 
use of a lever these regenerators and air-ways, which were carrying off 
the expended fuel, can in a moment be used for conducting air and gas 
into the furnace ; and those which just before had served to carry air and 
gas into the furnace now take the burnt fuel away to the stack. It is to 
be observed, that the intensely heated flame which leaves the furnace for 
the stack always proceeds downward through the regenerators, so that 
the upper part of them is most intensely ignited, keeping back, as it 
does, the intense heat: and so effectual are they in this action, that the 
gases which enter the stack to be cast into the air are not usually above 
300° F. of heat. On the other hand, the entering gas and air always 
pass upward through the regenerators, so that they attain a temperature 
equal to a white heat before they meet in the furnace, and there add to 
the carried heat that due to their mutual chemical action. It is considered 
that when the furnace is in full order, the heat carried forward to be 
evolved by the chemical action of combustion is about 4000°, whilst that 
carried back by the regenerator is about 3000°, making an intensity of 
power which, unless moderated on purpose, would fuse furnace and all 
exposed to its action. 

Thus the regenerators are alternately heated and cooled by the out- 
going and entering gas and air, and the time for alternation is from haif 
an hour to an hour, as observation may indicate. The motive power on 
the gas is of two kinds—a slight excess of pressure within is kept up 
from the gas-producer to the bottom of the regenerator to prevent 
air entering and mingling with the fuel before it is burnt; but from 
the furnace, downward through the regenerators, the advance of the 
heated medium is governed mainly by the draught in the tall stack, or 
chimney. 

Great facility is afforded in the management of these furnaces. If, 

whilst glass is in the course of manufacture, an intense heat is required, 
an abundant supply of gas and air is given; when the glass is made, 
and the condition has to be reduced to working temperature, the quan- 
tity of fuel and air is reduced. If the combustion in the furnace is 
required to be gradual from end to end, the inlets of air and gas are 
placed more or less apart the one from the other. The gas is lighter 
than the air; and if a rapid evolution of heat is required, asin a short 
puddling furnace, the mouth of the gas inlet is placed below that of the 
air inlet: if the reverse is required, as in the long tube-welding furnace, 
the contrary arrangement is used. Sometimes, as in the enameller’s 
furnace, which is a long muffle, it is requisite that the heat be greater at 
the door end of the muffle and furnace, because the goods, being put in 
and taken out at the same end, those which enter last, and are withdrawn 
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11. Dimensions and proportions of American soldiers; B, A. Goutp. 

12. On a regulator for maintaining uniform motion, and an apparatus 
for recording time-observations in type; J. E. Hirearp, 

13. Mineral lands of the United States, and the relation of the govern- 
ment to their management; J. D. Warryey. 

14, Origin and formation of sedimentary rocks; J. S. Newserry. 

15. Origin and distribution of petroleum in the U. S.; J.S. Newberry. 

Alex. Braun, G. B. Airy, Astronomer Royal of England, R. Owen, 
Prof. F. Woéhler, Sir R. I. Murchison, and M. V. Regnault, were elected 
Foreign associates. The next session of the Academy will be held at 
Northampton, Mass., on Wednesday the 23d of August, 1865. 

3. Lawrence Scientific School, at Cambridge, Mass.—The Lawrence 
Scientific School has received, as a New Year’s gift, (Jan. 1, 1865) fifty- 
two thousand five hundred dollars, twenty-five hundred to be expended 
at once fur the equipment of the Jaboratory, and the balance to endow 
equally the Chemical and Engineering departments. 


Osrrvary.—4. Capt. James M. Griuiss, U.S. N.—Captain Gilliss, the 
Superintendent of the Washington Observatory, died suddenly, at Wash- 
ington, of apoplexy, on Thursday, the 9th of February. The Naval Ob- 
servatory, under his charge at the time of death, was constructed 
from his plans, and equipped with its original instru nents by him, during 
the years 1843, 1844, Congress having authorized its establishment by 
an Act passed in 1842; but only since 1861, when Maury. faithless to 
his country, left his post of duty, has it been under his abler direction. 
It would have been better for the scientific reputation of the country had 
it continued in his hands, An earlier Observatory at Washington, fitted 
up mainly by him, had been the scene of his labors from 1838 to 1842, 
and in the volume containing the results—the first volume of American 
Astronomical Observations—Mr. Gillis expresses in his Preface, his pleas- 
ure that “the prosecution of these observations should have resulted in 
the foundation of a permanent Naval Observatory.” 

During the three years, 1849 to 1851, Capt. Gilliss was in Chili, in 
charge of the U. 8. Expedition for determining the Solar Parallax, and 
if his observations failed of all that was expected of them, it was from 
the want of that codperation in the northern hemisphere which was reas- 
onably looked for by him. The National Intelligencer, (Washington) of 
the day before his death, (Feb. 8,) contains his Jast astronomical commu- 
nication—one relating to the Planet Mars—dated Feb. 7. 

Capt. Gilliss was an observer of great skill and accuracy, a man of 


noble personal character, and a patriot in the highest sense of the word. 


Three of his sons have been in the recent armies of his country, and the 
ellest—a Captain—reached home from the Libby prison, after four 
months imprisonment, only the day before his father died. 

5. Georce P. Bonp.—It is seldom that astronomical science has re- 
ceived a more severe blow than that occasioned by the death of George 
Philips Bond, of Harvard College, Philips Professor of Astronomy, and 
Director of the observatory connected with that institution. After a 
lingering illness of more than a year, during which his ardor in the study 
of the heavens led him oftentimes to exposures entirely incompatible 
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with the state of his health, he closed a useful and an unblemished life 
on the 17th of February,—eight days after his compeer, Captain Gilliss, 

As an accurate and truthful observer of astronomical phenomena, he 
was, without question, unequalled by any. one in this country, and 
among the first in the world. In his short career he contributed many 
valuable papers of original discoveries and calculations to various period- 
icals and institutions in this and other countries. His greatest work, 


and that which gave him honor the world over, is his account of the 
Donati comet which constitutes the third volume of the Annals of the 
Observatory. To this, the palm « f unrivalled excellence has been freely 


awarded by the best astronot il observers of E rope. Well trained 


by his lamented and distinguished father, and taking advantage of the 
best telescope mounted in so high a southern latitude, he explored with 
searching scrutiny the great nebula of Orion, a work which he pursued 
with untiring zeal and anxiety in his latter days; and while we fear his 
waning strengt! ha eft it incomplete in form, we are assured, 
and rejoice in the assurance, that abu lant ility remains in the observ- 
atory to prepare it for p ut 

We might dwell n nger on his astronomical history, but the 
necessary brevity of this not re res that we uid turn to his pri- 
vate life. It is rare ind that so many virtues are blended in any 
man. His innocent unprete ¢ manners, the perfect absence of every 
air of vanity or pretension, crowned with an unwavering christian faith 
and deep sense of religious « gat , secured for him, not the mere 
respect, but the kindest regard ul that had the happiness of his 
acquaintance. Ww. M, 

6. Dr. ver Fatcont Dr. | er, Vice-President of the Royal 


Society, died at London, on the 31st of J inuary. 


7. The Differential Calculus ; by Joun Spare, M.D. Boston, 1865. 
Bradley, Dayton & Co, 8vo. pp. xx, and 244.—The plan of this treatise 
is different from that of most works upon the same subject. The aim 
seeins to have been to treat the calculus as peculiarly the continuation of 
Algebra. Hence most of the applications are to prob ems which resemble 
as much as possible the ordinary problems of Algebra. The author's 
style is somewhat involved, and his logic not entirely free from criticism. 

H. A. N. 

8. History of Delaware County, Pennsylvania, from the Discovery of 
the Territory included wit} wn its limits to the pre sent time, with a nolice 
of the Geology of the County, and Catalogues of its Minerals, Plants, 
Quadrupeds and Birds ; written under the direction and appointment of 
the Delaware Co. Institute of Science, by George Suirn, M.D, 582 pp. 
8vo.—This history is the work of great care and research. The chapter 
on the Geology of Delaware C unty is illustrated by a colored map 
showing the distribution of its rocks, and it closes with a catalogue of 
mineral localities. The work is illustrated by several plates, wood-cuts 
and maps. 


? We are informed that, a month since, Mr. Bond received word from President 
De La Rue, of the Royal Astronomical Society, that the Society, at its last annual 


meeting, in January, had voted him a gold medal for his work on this comet. 
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